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(54) Title: MATERIALS COMPRISING AND METHODS OF PREPARATION AND USE FOR RIBOSOME-INACTI- 
VATING PROTEINS 

(57) Abstract 

The present invention provides purified and isolated polynucleotides encoding Type I ribosome-inactivating proteins 
(RIPs) and analogs of the RIPs having a cysteine available for disulfide bonding to targeting molecules. Vectors comprising the 
polynucleotides and host cells transformed with the vectors are also provided. The RIPs and RIP analogs are particularly suited 
for use as components of cytotoxic therapeutic agents of the invention which include gene fusion products and immunoconju- 
gates. Cytotoxic therapeutic agents or immunotoxins according to the present invention may be used to selectively eliminate any 
cell type to which the RIP component is targeted by the specific binding capacity of the second component of the agent, and are 
suited for treatment of diseases where the elimination of a particular cell type is a goal, such as autoimmune disease, cancer and 
graft-versus-host disease. 
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MATERIALS COMPRISING AND METHODS OF 
PREPARATION AND USE FOR 
RIBOSOME-INACnV ATING PROTEINS 

This application is a continuation-in-part of co-pending U.S. Patent 
5 Application Serial No. 07/901,707 filed June 19, 1992, which in turn is a 
continuation-in-part of U.S. Patent Application Serial No. 07/787,567 filed November 
4, 1991, now abandoned. 

BACKGROUND 
The present invention relates, in general, to materials useful as 
5 components of cytotoxic therapeutic agents. More particularly, the invention relates 
to polynucleotides encoding ribosome-inactivating proteins, to polynucleotides 
encoding analogs of ribosome-inactivating proteins specifically modified for 
conjugation to targeting molecules and to gene fusions of polynucleotides encoding 
ribosome-inactivating proteins to polynucleotides encoding targeting molecules. 
' Ribosome-inactivating proteins (RIPs) comprise a class of proteins 

which is ubiquitous in higher plants. RIPs have also been isolated from bacteria. 
JRIPs are potent inhibitors of eukaiyotic protein synthesis. The N-glycosidic bond of 
a specific adenine base is hydrolytically cleaved by RIPs in a highly conserved loop 
region of the 28S rRNA of eukaiyotic ribosomes thereby inactivating translation. 

Stiipe et al„ FEBS Lett., 195(1,2), 1-8 (1986) groups plant RIPs into 
fl two types. Type I proteins each consist of a single peptide chain having ribosome- 
inactivating activity, while Type II proteins each consist of an A-chain, essentially 
equivalent to a Type I protein, disulfide-linked to a B-chain having cell-binding 
properties. Gelonin, dodecandrin, tricosanthin, tricokirin, brvodin. Mirabilis antiviral 
protein (MAP), bariey ribosome-inactivating protein (BRIP), pokeweed antiviral 
proteins (PAPs), saporins, luffins and momordins are examples of Type I RIPs, while 
ricin and abrin are examples of Type II RIPs. Amino acid sequence information is 
reported for various ribosome-inactivating proteins. It appears that at least the 
tertiary structure of active sites is conserved among Type I RIPs, bacterial RIPs and 



WO 93/09130 



PCT/US92/09487 



-2- 



10 



A<hains of Type n RIPs and, in many cases, primary structure homology is also 
found. Ready ~ al I «ni. Chem. . 259(24), 15252-15256 (1984) and other reports 
suggest that the two types of RIPs are evolutionary related. 

Separated from their natural environment, Type I plant ribosome- 
inacfivating proteins may be particularly suited for use as components of cytotoxic 
therapeutic agents. A RIP may be conjugated to a targeting agent that will deliver 
the RIP to a particular cell type in yjyo in order to selectively kill those cells. 
Typically, the targeting agent (e.g. , an antibody) is linked to the toxin by a disulfide 
' bond which is reduced in vivo allowing the protein toxin to separate from the delivery 
antibody and become active intraceUularly. Another strategy for producing a 
cytotoxic agent is to express a gene encoding a RIP fused to a gene encoding a 
targeting moiety. The resulting protein product is a single polypeptide containing an 
RIP linked to, for example, at least one chain of an antibody. A variety of gene 
fusion products including protein toxin sequences are discussed in a recent review by 
15 Pastan et al., Science. 254, 1173-1177 (1991). 

Because some RIPs, such as the Type I RIP gelonin, are only available 
from scarce plant materials, it is desirable to clone the genes encoding the RIPs to 
enable recombinant production of the proteins. It is also desirable to develop analogs 
of the natural proteins which may be easily conjugated to targeting molecules while 
20 retaining their natural biological activity because most Type I RIPs have no natural 
sites <Le. available cysteine residues) for conjugation to targeting agents. 
Alternatively, it is desirable to develop gene fusion products including Type I RIPs 
as a toxic moiety and antibody substances as a targeting moiety. 

There thus exists a need in the art for cloned genes encoding Type I 
25 RIPs, for analogs of Type I MPs which may be easily conjugated to targeting 
molecules and for gene fusion products comprising Type I RIPs. 
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SUMMARY OF THE INVENTION 
The present invention provides purified and isolated polynucleotides 
encoding Type I RIPs, Type I RIPs having a cysteine available for disulfide bonding 
to targeting molecules and fusion products including Type I RIPs. Vectors 
comprising the polynucleotides and host cells transformed with the vectors are also 
provided. 

A purified and isolated polynucleotide encoding natural sequence 
gelonin, and a host cell including a vector encoding gelonin of the type deposited as 
ATCC Accession No. 68721 are provided. Further provided are a purified and 
isolated polynucleotide encoding natural sequence barley ribosome-inactivating protein 
and a purified and isolated polynucleotide encoding momordin n. 

Analogs of a Type I plant RIP are defined herein as non-naturally 
occurring polypeptides that share the ribosome-inactivating activity of the natural 
protein but that differ in amino acid sequence from the natural protein. Preferred 
analogs according to the* present invention are analogs of Type I plant RIPs each 
having a cysteine available for disulfide bonding located at a position in its amino acid 
sequence from the position corresponding to position 251 in SEQ ID NO: 1 to the 
carboxyl terminal position of the analog. Other preferred analogs according to the 
invention are Type I RIPs each having a cysteine available for disulfide bonding at 
a position in the analog that is on the surface of the protein in its natural conformation 
and that does not impair native folding or biological activity of the ribosome- 
inactivating protein. Analogs of bacterial RIPs are also contemplated by the present 
invention. 

The present invention provides an analog of a Type I ribosome- 
inactivating protein, which analog has a cysteine available for intermolecular disulfide 
bonding at an amino acid position corresponding to a position not naturally available 
for intermolecular disulfide bonding in the Type I ribosome-inactivating protein and 
which cysteine is located at a position in the amino acid sequence of the analog 
corresponding to position 259 in SEQ ID No: 1 or at a position in the amino acid 
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sequence in the analog corresponding to a position from the position corresponding 
to position 251 in SEQ ID NO: 1 to the carboxyl terminal position of the analog. 

An analog according to the present invention may be an analog of 
gelonin. In an analog of gelonin according to the present invention, the cysteine may 
5 be at a position* the analog from position 244 to the carbo^l terniiiial position of 
the analog, more preferably at a position in the analog from position 247 to the 
carboxyl terminal position of the analog, and, in these regions, most preferably at 
position 244, at position 247 or at position 248 of the amino acid sequence of the 
• analog. It is preferred that the gelonin cysteine residues at positions 44 and 50 be 

10 replaced with alanine residues. 

An analog according to the present invention may be an analog of 
barley ribosome-inactivating protein. Preferably, a cysteine in such an analog is at 
a position in the analog from position 256 to the carboxyl terminal position, and more 
preferably the cysteine is at a position m the amino acid sequence of the analog from 

15 position 260 to the carboxyl terminal position of the analog. Most preferably, in 
these regions, thecysteineis at position 256, at position 270 or atposition 277 of the 

amino acid sequence of the analog. 

An analog according to the present invention may be an analog of 

momordin IT. 

20 Analogs according to me present invention may have a cysteine in the 

amino acid sequence of the analog at a position which corresponds to a position 
withm one ammo add o^^ Such an analog may be an 

analog of gelonin, of barley ribosome-inactivating protein, or of iiwmordin H. 

Hie present invention also provides a polynucleotide encoding an 
25 analog of a Type I nTwsome-mactivating protein, which analog has a cysteine 
available for intermolecular disulfide bonding at an amino acid position corresponding 
to a position not naturally available for intermolecular disulfide bonding in the Type 
I ribosome-inactivating protein, and which cysteine is located at a position in the 
amino acid sequence of the analog from the position corresponding to position 251 
mSEQroNOrltomecarboxvlterminmpos^ The polynucleotide 
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may encode an analog of gelonin, preferably an analog wherein the cysteine is at a 
position in the amino acid sequence of the analog from position 244 to the caxboxyl 
terminal position of the analog, more preferably wherein the cysteine is at a position 
in the analog from position 247 to the carboxyl terminal position of the analog, and 
5 most preferably the cysteine is at position 244, at position 247 or at position 248 of 
the amino acid sequence of the analog. It is preferred that a polynucleotide according 
to the present invention encode a gelonin analog wherein the native gelonin cysteine 
residues at positions 44 and 50 are replaced with alanine residues. 

A polynucleotide according to the present invention may encode an 
10 analog of barley ribosome-inactivating protein, preferably an analog wherein the 
cysteine is at a position in the analog from position 256 to the carboxyl terminal 
position of the analog, more preferably wherein the cysteine is at a position in the 
analog from position 260 to the carboxyl terminal position of the analog, and most 
preferably wherein die cysteine is at position 256, at position 270 or at position 277 
15 of the amino acid sequence of the analog. 

A polynucleotide according to the present invention may encode an 
analog of mormordin n. 

The present invention provides a vector including a polynucleotide 
encoding an analog of a Type I ribosome-inactivating protein, which analog has a 
20 cysteine available for intermolecular disulfide bonding at a amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
bonding in the Type I ribosome-inactivating protein and which cysteine is located at 
a position in the amino add sequence of the analog from the position corresponding 
to position 251 in SEQ ID NO: 1 to the carboxyl terminal position of the analog. 
25 The present invention Anther provides a host cell including a DNA 

vector encoding an analog of a Type I ribosome-inactivating protein, which analog 
has a cysteine available for intermolecular disulfide bonding at an amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
bonding in the Type I ribosome-inactivating protein and which cysteine is located at 
30 a position in the amino acid sequence of the analog from the position corresponding 
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to position 251 in SEQID NO: ltotfaecartKi^ttniuiiaipositkmoftieaiial^to 
JTtost «B me vector may encode an analog of - — • ' 

^ te c^i Sat po^^»'^^^ Se ^ 0f ' ,Ka,,al0g • S,,d, 
K iod, e host ceU deposit ^ATCCAccadoo No. «9O09. _ 

A host ceil according to the present invention may include a vector 

1 - ^ - rt /*cnedaHv a host cell wherein the 

encoding barley ribosom^inactivating protern, espeaaUy a nost 

•j cpmwnrP 0 f the analog such as in ine 
cvstofoe is at position 277 of tie amino acid sequence ot tne amuos 

host ceB deposited as ATCC Accession Ho. 68722. „..,,,„„ 
• ^presentmvenuonalsopn^anageotn^toaceUmclodmg 

is at an amino acid positiott in me analog corresponding to a position not naturally 
availaW e lor intormoiecular disuUide holding in type ! *»n^inaeuv»ng 
p^and which cystoineis tocatodin fteamiaoacid scouenceof theanaiogfiom 
, Lpo^c M re^h.po^25,mSBQlDmlto 1 hec^^ 

pjLofthe analog. *~*^ M «S^ZZZ 
log wherein me c^eineis at apoaition in me anatag 6om ^™ <°J* 
JLfi totminal position of the anatog, anti moreprefetahly wherem me cv^ne 
..^KI-*...*.---.-*--''--* Anagentmdu^ 
. analog wherein the native getonm cystoine residues at positions <4 and 50 are 
replaced with alanine residues is preferred. 

a p^Mon in the anatog ftom position 2*0 to me cnrhoayl to^ posuron of me 
25 a^.ntoreptei^lywherem^c^isa.apo.monind.ar^ 
po^^to^cmho^^PoaWonofdm^mm^astprefe^ly 

acid sequence of the analog- 

An agent according to the present invention may include an analog of 

30 momordin II. 
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The present invention provides an agent wherein the Type I ribosome- 
inactivating protein is linked to an antibody, particularly to an H65 antibody or to an 
antibody fragment, more particularly to an antibody fragment selected from the group 
consisting of chimeric and human engineered antibody fragments, and most 
5 particularly to a Fab antibody fragment, a Fab 1 antibody fragment or a F(ab')2 
antibody fragment. It is highly preferred that an agent according to the present 
invention include a chimeric or human engineered antibody fragment selected from 
the group consisting of a Fab antibody fragment, a Fab 1 antibody fragment and a 
F(ab , ) 2 antibody fragment. 
10 A method according to the present invention for preparing an analog 

of a Type I ribosome-inactivating protein includes the step of expressing in a suitable 
host cell a polynucleotide encoding a Type I ribosome-inactivating protein having a 
cysteine available for intermolecular disulfide bonding substituted (e.g., by site- 
directed mutagenesis of the natural DNA sequence encoding the RIP or by chemical 
15 synthesis of a DAN sequence encoding the RIP analog) at an amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
bonding in the Type I ribosome-inactivating protein, which cysteine is located at a 
position in the amino acid sequence of the analog from the position corresponding to 
position 251 in SEQ ID NO: 1 to the carboxyl terminal position of the analog. 
20 A product according to the present invention may be a product of a 

method including the step of expressing in a suitable host ceil a polynucleotide 
encoding a Type I ribosome-inactivating protein having a cysteine available for 
intermolecular disulfide bonding substituted at an amino acid position corresponding 
to a position not naturally available for intermolecular disulfide bonding in the Type 
25 I ribosome-inactivating protein, which cysteine is located at a position in the amino 
acid sequence of the analog from the position corresponding to position 251 in SEQ 
ID NO; 1 to the carboxyl terminal position of the analog. 

The present invention provides a method for preparing an agent toxic 
to a cell including the step of linking an analog of a Type I ribosome-inactivating. 
30 protein through a cysteine to a molecule which specifically binds to the cell, which 
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NO 1 to the carboxyl tenninaJ posiuuu of the analog. 

• _« j _ .i -ton r«f •aHminiTterinff 



Accorarag iu ui^ . . 

^ea^of^^^^^^*^/"-^ 

toapanentnavn, t .^ IliK - ol »eJ B Kd»^^ol*l^' ta * , 
a cysteine to a molecule which specifically binds to the cdl, ote analog having the 

^^a^hcn^into^.^-^^ 
Icys^c^toc^atapo^htto^acidse^ofjhea^ 

position of the analog. . 

The present inventor also ptoses an analog of a Type! rtbosome- 

ta^p^whe^fcean^hasacys^ — 

M M tor intonnolecnlac thsuUide bomiing in the Type 
inactivating protein and conesponding to a position on the surface ^^^^^^^ 

activity of the Type I nTwsome-inactivating protein. 

Su* an analog may be an analog wherein the Type nbosorne 

ta^g p^ is getonh, and is pebbly an anatog of ****** 
^^J^lOrrftomnhton^^ofto^as-^d-a 

Lrinahr^de^a.ATCC^No.^008. 

.a a <n Kr> r^niarfft with alanine residues in these 
cysteine residues at positions 44 and 50 be replaced wnn aiamu 
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The present invention further provides an analog of a Type I ribosome- 
inactivating protein wherein the analog includes only a single cysteine. Such an 
analog may be an analog of gelonin and is preferably an analog wherein the single 
cysteine is at position 10, position 44, position 50 or position 247 in the amino acid 
5 sequence of the analog, but the cysteine may be located at other positions defined by 
the invention as well. 

The present invention provides a polynucleotide encoding an analog of 
a Type I ribosome-inactivating protein, wherein the analog has a cysteine available 
for intennolecular disulfide bonding located at an amino acid position corresponding 
10 to a position not naturally available for intermolecular disulfide bonding in the Type 
I ribosome-inactivating protein and corresponding to a position on the surface of ricin 
A-chain in its natural conformation, and wherein the analog retains ribosome- 
inactivating activity of the Type I ribosome-inactivating protein. 

According to the present invention, a method for preparing an analog 
15 of a Type I ribosome-inactivating protein may include the step of expressing in 
suitable host cell a polynucleotide encoding a Type I ribosome-inactivating protein 
having a cysteine available for intermolecular disulfide bonding substituted at an 
amino acid position corresponding to a position not naturally available for disulfide 
bonding in the Type I ribosome-inactivating protein, the cysteine is located at a 
20 position corresponding to an amino acid position on the surface of ricin A-chain in 
its natural conformation and which analog retains ribosome-inactivating activity of the 
Type I ribosome-inactivating protein. 

The present invention provides an agent toxic to a cell including an 
analog of a Type I ribosome-inactivating protein linked by a disulfide bond through 
25 a cysteine to a molecule which specifically binds to the cell, wherein the analog has 
a cysteine available for intermolecular disulfide bonding located at an amino acid 
position corresponding to a position not naturally available for intermolecular 
disulfide bonding in the Type I ribosome-inactivating protein and corresponding to„ 
a position on the surface of ricin A-chain in its natural conformation, and wherein the 
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ribosome-inactivating protein. fnr treating a disease in 

A method according to the present invention for treating a disease 

^ . . ar ceils is a goal includes the step of adrniiustenng to a 
which elimination of particular cells is a guai 

^ent having the db~a««*«««^^ rf "^T * 
patient raving w ribosome-inactivating protein 

cells wherein the agent inclndes an analog of a Type I ribosom 
!TI wMdianaloghasacysteinea^^^ 

^TL^ogs are particularly suited for use as of 
cvtotoxictherapeuticagents. c^^^^^^^T; 

^ana^y*^^ 

I CDR-grafted antibodies, and antibody domains/fragments (eg. Fab, Fab^ 
ZZ sSelin antibodies, and Fv or single variable domains) as well as 
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residues are within the scope of the present invention. Examples of Fab* and F(ab')2 
fragments useful in the present invention are described in co-pending, co-owned U.S. 
Patent Application Serial No. 07/714,175, filed June 14, 1991 and in International 
Publication No. WO 89/00999 published on February 9, 1989, which are 
5 incorporated by reference herein. RIPs according to the present invention may also 
be conjugated to targeting agents other than antibodies, for example, lectins which 
bind to cells having particular surface carbohydrates, or hormones, lymphokines, 
growth factors or other polypeptides which bind specifically to cells having particular 
receptors. Immunoconjugates including RIPs may be described as immunotoxins. 
10 An immunotoxin may also consist of a fusion protein rather than an 
immunoconjugate. 

The present invention provides gene fusions of an antigen-binding 
portion of an antibody (e.g., an antibody light chain or truncated heavy chain, or a 
single chain antibody) or any targeting agent listed in the foregoing paragraph, linked 
15 to a Type I RIP. The gene fusions may include an RIP gene linked either at the 5' 
or the 3' end of an antibody gene. A DNA linker encoding a peptide segment may 
or may not be inserted between the toxin and the antibody gene. Preferably, the 
linker encodes a segment of the E. coli shiga-like toxin which contains two cysteine 
residues participating in a disulfide bond and forming a loop that includes a protease 
20 sensitive amino acid sequence (e.g., SEQ ID NO: 58), or a segment of rabbit muscle 
aldolase which contains several potential cathepsin cleavage sites (e.g., SEQ ID NO: 
59). The Type I RIP portion of the fused genes preferably encodes gelonin, BRIP 
or momordin II. Also preferably, the antibody portion of the fused genes comprises 
sequences encoding one of the chains of an antibody Fab fragment (i.e., kappa or Fd) 
25 and the fused gene is co-expressed in a host cell with the other Fab gene, or the 
antibody portion comprises sequences encoding a single chain antibody. 

The present invention also provides a method for purifying an 
immunotoxin comprising a ribosome-inactivating protein and a portion of an antibody 
including the steps of passing a solution containing the immunotoxin through an anion 
30 exchange column; applying the flow-through to a protein G column; and eluting the 
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Immunodeficiency Virus. 

Sp^Hfcm, flmsttating polynucleotide sequences accormng to the 

™eo t invention ^^^^^ " W ° 3731 * ^ 

5 ^^5), bo* deposit wi**«An^ W C^»tie^(AT^ 

ATOC Accession Nos. 68721 and 68722, reflectively. Additional polynucleotide 

L were xespectivel, assigned Accession No, 69008 and 69009. Still .+* 
^udeotide ^— nutating :*e invention are *e inser* 

^Tin^BlWCde^^^^^^^ 037 ^^ 
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^^i),^p^«-.^«^^ toATOOT< ^ 27 ^ 

and were assigned ATCC Accession Nos. 69101, 69102, 69103 and 69104, ^ 
respectively. 
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BRIEF DESCRIPTTQN OF THE DRAWINGS 
FIG. 1 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (RTA) (SEQ ID NO: 1) with the amino acid sequence of the 
Type I ribosome-inactivating protein gelonin (SEQ ID NO: 2), wherein starred 
5 positions indicate amino acids invariant among the ricin A-chain and the Type I RIPs; 

FIG, 2 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
ribosome-inactivating protein BRIP (SEQ ID NO: 3), wherein starred positions 
indicate amino acids invariant among the ricin A-chain and the Type I RIPs; 
10 FIG. 3 is a computer-generated alignment of the amino acid sequence 

of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
libosome-inactivating protein momordin II (MOMOII) (SEQ ID NO: 4), wherein 
starred positions indicate amino acids invariant among the ricin A-chain and the Type 
I RIPs; 

15 FIG. 4 is a computer-generated alignment of the amino acid sequence 

of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
ribosome-inactivating protein luffin (SEQ ID NO: 5), wherein starred positions 
indicate amino acids invariant among the ricin A-chain and the Type I RIPs; 

FIG. 5 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequenpe of the Type I 
ribosome-inactivating protein otrichosanthin (TRICHO) (SEQ ID NO: 6), wherein 
starred positions indicate amino acids invariant among the ricin A-chain and the Type 
I RIPs; 

FIG. 6 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
ribosome-inactivating protein momordin I (MOMOI) (SEQ ID NO: 7), wherein 
starred positions indicate amino acids invariant among the ricin A-chain and the Type 
I RIPs; 

FIG. 7 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
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ribosome-inactivating protein Mirabilis anti-viral protein (MAP) (SEQ ID NO: 8), 
wherein starred positions indicate amino acids invariant among the ricin A-chain and 
theTypeIRB?s; 

HG. 8 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
ribosome-inactivating protein pokeweed antiviral protein from seeds (PAPS) (SEQ ID 
NO: 9), wherein starred positions indicate amino acids invariant among the ricin A- 

chain and the Type I RIPs; 

HG. 9 is a computer-generated alignment of the amino acid sequence 
of the ricin A-chain (SEQ ID NO: 1) with the amino acid sequence of the Type I 
nTKJSome-inactivating protein saporin 6 (SAP6) (SEQ ID NO: 10), wherein starred 
positions mdicate amino acids invariant among the ricin A-chain and theTypelRIPs; 



TVFTATT.FD DES CRIPTION 
Nucleotide sequences of genes encoding three plant Type I RIPs and 

15 expression vectors containing the genes are provided by the present invention. A first 
plant RIP, gelonin, is produced by seeds of Gelonium multiflorum, a plant of the 
Euphorbiaceae family native to the tropical forests of eastern Asia, while a second 
plant RIP, BRIT, is synthesized by the common cereal grain barley. Momordin E, 
a third plant RIP, is produced in Momordicn balsarnina seeds. Analogs of BRIP are 

20 also provided by the present invention. The analogs were genetically engineered to 
include a cysteine free to participate in a intennolecular disulfide bond and were 
conjugated to antibody molecules without non-specific chemical derivation of the 

RIP with crosslinking agents. 

Type I RB? analogs of the present invention offer distinct advantages 
25 over the natural proteins for use as components of immunotoxins. Chemical 
treatment to introduce free sulfhydryl groups in the natural proteins lacking free 
cysteines typically involves the non-selective modification of amino acid side chains. 
This non-selectivity often results in antibodies conjugated to different sites on 
different RIP molecules (Le., a heterogeneous population of conjugates) and also in 
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a decrease in RIP activity if antibodies are conjugated in or near important regions 
of the RIP (e.g., the active site or regions involved in translocation across cell 
membranes). In contrast, RIP analogs according to the present invention can be 
conjugated to a single antibody through a disulfide bond to a specific residue of the 
5 analog resulting in reduced batch to batch variation of the irnmunoconjugates and, in 
some cases, irnmunoconjugates with enhanced properties (e.g., greater cytotoxicity 
or solubility). 

Type I plant RIPs, as well as bacterial RIPs such as shiga and shiga- 
lifce toxin A-chains, are homologous to the ricin A-chain and are useful in the present 
10 invention. 

Type I RIPs may be defined and sites for substitution of a cysteine in 
a RIP may be identified by comparing the primary amino acid sequence of the RIP 
to the natural ricin A-chain amino acid sequence, the tertiary structure of which has 
been described in Katzin et aL, Proteins . 10, 251-259 (1991), which is incorporated 
15 by reference herein. 

Amino acid sequence alignment defines Type I RIPs in that the ricin 
A-chain and the Type I plant RIPs have nine invariant amino acids in common. 
Based on the ricin sequence the invariant amino acids are tyrosineji, arginine^, 
tyrosine^, tyrosine,^, leucine^, glutamic acid 177 , alanine J78 , arginine, 80 , and 
tryptophan^. The ricin A-chain may be used as a model for the three-dimensional 
structure of Type I RIPs. A protein lacking a cysteine available for conjugation while 
having ribosome-inactivating activity and having the nine invariant amino acids when 
its primary sequence is compared to the primary sequence of the ricin A-chain 
[according to the alignment algorithm of Myers et aL, CABIOS 
COMMUNICATIONS, 4(1), 11-17 (1988), implemented by the PC/GENE program 
PALIGN (Intelligenetics, Inc., Mountain View, California) and utilizing the Dayhoff 
Mutation Data Matrix (MDM-78) as described in Schwartz et aL, pp. 353-358 in 
Atlas of Protein Sequence and Structure. 5 Supp. 3, National Biomedical Research 
Foundation, Washington, D.C. (1978)] is defined as a Type I RIP herein and is 
expected to be useful in the present invention. "Corresponding" refers herein to 
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linking capability. One preferred cysteine substitution position is near the position 
which corresponds to the cysteine at position 259 in the ricin A-chain. 

Immunotoxins specifically illustrating the present invention including 
cytotoxic agents and gene fusion products are particularly suited for use in treatment 
5 of human autoimmune disease where T-cell function is implicated. Treatment of 
autoimmune diseases with immunotoxins is described in co-owned U.S. Patent 
Application Serial No. 07/306,433 filed on September 13, 1991 and in International 
Publication No. WO89/06968 published August 10, 1989, which are incorporated by 
reference herein. Examples of autoimmune diseases are systemic lupus 
X0 erythematosus, scleroderma diseases (including lichen sclerosus, morphea and lichen 
planus), rheumatoid arthritis, chronic thyroiditis, pemphigus vulgaris, diabetes 
mellitus type 1, progressive systemic sclerosis, aplastic anemia, myasthenia gravis, 
myositis, Sjogrens disease, Crohn's disease, ulcerative colitis, and primary biliary 
cirrhosis. Autoimmunity is also implicated in multiple sclerosis, uveitis, psoriasis and 
15 Meniere's disease. A general description of various autoimmune diseases may be 
found in Rose and Mackey, Eds., The Autoimmune Diseases , Academic Press 
(1985). 

The immunotoxins may be administered to a patient either singly or in 
a cocktail containing two or more immunotoxins, other therapeutic agents, 
compositions, or the like, including, but not limited to, immunosuppressive agents, 
tolerance-inducing agents, potentiators and side-effect relieving agents. Particularly 
preferred are immunosuppressive agents useful in suppressing allergic reactions of a 
host. Preferred immunosuppressive agents include prednisone, prednisolone, 
DECADRON (Merck, Sharp & Dohme, West Point, Pennsylvania), 
cyclophosphamide* cyclosporins 6-mercaptopurine, methotrexate, azathioprine and 
i.v. gamma globulin or their combination. Preferred potentiators include monensin, 
ammonium chloride, perhexiline, verapamil, amantadine and chloroquine. AU of 
these agents are administered in generally-accepted efficacious dose ranges such as 
those disclosed in the Physician's Desk Reference 41st Ed., Publisher Edward R. 
Bamhart, New Jersey (1987). Patent Cooperation Treaty (PCT) patent application 
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greater than from about 0.1 mg/ml to about 25 mg/ml. Typically, the concentration 
of anti-T cell immunotoxin for topical formulations is in the range of greater than 
from about 1 mg/ml to about 20 mg/ml. Solid dispersions of anti-T cell immunotoxin 
as well as solubilized preparations can be used. Thus, the precise concentration to 
5 be used in the vehicle is subject to modest experimental manipulation in order to 
optimize the therapeutic response. Greater than about 10 mg anti-T cell 
immunotoxin/ 100 grams of vehicle may be useful with 1 % w/w hydrogel vehicles in 
the treatment of skin inflammation. Suitable vehicles, in addition to gels, are oil-in- 
water or water-in-oil emulsions using mineral oils, petroleum and the lite. 
10 Anti-T cell immunotoxin is optionally administered topically by the use 

of a transdermal therapeutic system (Barry, Dermatolopical Formulations , p. 181 
(1983) and literature cited therein]. While such topical delivery systems have been 
designed for transdermal administration of low molecular weight drugs, they are 
capable of percutaneous delivery. They may be readily adapted to administration of 
15 anti-T cell immunotoxin or derivatives thereof and associated therapeutic proteins by 
appropriate selection of the rate-controlling microporous membrane. 

Topical preparations of anti-T cell immunotoxin either for systemic or 
local delivery may be employed and may contain excipients as described above for 
parenteral administration and other excipients used in a topical preparation such as 
20 cosolvents, surfactants, oils, humectants, emollients, preservatives, stabilizers and 
antioxidants. Any pharmacologically-acceptable buffer may be used, e.g., Tris or 
phosphate buffers. The topical formulations may also optionally include one or more 
agents variously termed enhancers, surfactants, accelerants, adsorption promoters or 
penetration enhancers, such as an agent for enhancing percutaneous penetration of the 
25 anti-T cell immunotoxin or other agents. Such agents should desirably possess some 
or all of the following features as would be known to the ordinarily skilled artisan: 
pharmacological inertness, non-promotive of body fluid or electrolyte loss, compatible 
with anti-T cell immunotoxin (non-inactivating), and capable of formulation into 
creams, gels or other topical delivery systems as desired. 
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involved, the autoimmune disease afflicting the patient and the like, as is well within 
the skill of the physician. 

The anti-T cell immunotoxins of the present invention may be 
administered in solution. The pH of the solution should be in the range of pH 5 to 
5 9*5, preferably pH 6.5 to 7.5. The anti-T cell immunotoxin or derivatives thereof 
should be in a solution having a suitable pharmaceutically-acceptable buffer such as 
phosphate, Tris(hydroxymethyl)aminomethane-Ha or citrate and the like. Buffer 
concentrations should be in the range of 1 to 100 mM. The solution of anti-T cell 
immunotoxin may also contain a salt, such as sodium chloride or potassium chloride 
10 in a concentration of 50 to 150 mM. An effective amount of a stabilizing agent such 
as an albumin, a globulin, a gelatin, a protamine or a salt of protamine may also be 
included, and may be added to a solution containing anti-T cell immunotoxin or to 
the composition from which the solution is prepared. 

Systemic administration of anti-T cell immunotoxin is made daily and 
is generally by intramuscular injection, although intravascular infusion is acceptable. 
Administration may also be intranasal or by other nonparenteral routes. Anti-T cell 
immunotoxin may also be administered via microspheres, liposomes or other 
microparticulate delivery systems placed in certain tissues including blood. Topical 
preparations are applied daily directly to the skin or mucosa and are then preferably 
occluded, i.e., protected by overlaying a bandage, polyolefin film or other barrier 
impermeable to the topical preparation. 

The following examples illustrate practice of the invention but are not 
to be construed as limiting the invention. Example 1 is a description of the cloning 
of a cDNA encoding the Type I RIP gelonin. Example 2 describes the construction 
of recombinant expression vectors containing the gelonin gene. Described in 
Example 3 are constructions of various analogs of gelonin having a single cysteine 
available for disulfide bonding. Example 4 describes the testing of recombinant 
gelonin and the gelonin analogs for the capacity to inhibit protein synthesis in a 
reticulocyte lysate assay. Example 5 presents descriptions of the preparation of' 
various gelonin immunoconjugates. Example 6 describes of the testing of the 
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The cloning of the gelonin gene according to the present invention 

^ source, Q^mmm seeds, and allows development of gelonin analogs 
conjugatable to antibodies without prior chemical derivation and development of 
gdonmgeoefusionproducts. One formidable hurdle in the cloning of the gene was 
that the available Gdomum seeds are old and inviable, making preparation of intact 
messenger RNA from the seeds impossible. Cloning the gene from cDNA prepared 
fiom messenger RNA was thus impractical and total RNA was utilized to generate 
cDNA Using total RNA to make cDNA under normal circumstances, i.e., when 
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mRNA may be utilized, is not desirable because total RNA typically comprises about 
95% ribosomal RNA. 

Preparation of RNA f rom G. multiflorum Seeds 

Total RNA was prepared from Gelonium seeds (Dr. Michael 
Rosenblum, M.D. Anderson Cancer Center, Houston, Texas) by a modification of 
the procedure for preparation of plant RNA described in Ausubel et al. , eds. , Current 
Protocols in Molecular Biology. Wiley & Sons, 1989. Briefly, 4.0 grams of seeds 
were ground to a fine powder in a pre-cooled (-70 "Q mortar and pestle with liquid 
Nj. Hie powder was added to 25 ml Grinding buffer (0.18M Tris, 0.09M IiCl, 
4.5mM EDTA, 1 % SDS, pH 8.2) along with 8.5 ml of phenol equilibrated with TLE 
(0.2M Tris, 0.1M IiCl, 5mM EDTA pH8.2). The mixture was homogenized using 
a Polytron PT-1035 (#5 setting). 8.5 ml of chloroform was added, mixed and 
incubated at 50* C for 20 minutes. The mixture was centrifuged at 3K for 20 minutes 
in a rotor precooled to 4 # C and the aqueous phase was transferred to a new tube. 8.5 
ml of phenol was added followed by 8.5 ml of chloroform and the mixture was 
recentrifuged. This extraction was repeated 3 times. The RNA in the aqueous phase 
was then precipitated by adding 1/3 volume 8M IiCl, and incubated at 4 X for 16 
hours. Next, the RNA was pelleted by centrifiigation for 20 minutes at 4 # C. The 
pellet was washed with 5 ml of 2M LiCl, recentrifuged and resuspended in 2 ml of 
water. The RNA was precipitated by addition of NaOAc to 0.3M and 2 volumes of 
ethanol. The RNA was stored in 70% ethanoi at -7(TC. 
cDNA Preparation 

cDNA was prepared from total Gelonium RNA by two similar 

methods. 

The first method involved making a cDNA library in the bacterial expression plasmid 
pcDNAH using the librarian n cDNA library Construction System kit (Invitrogen). 
About 5 ng of total RNA was converted to first strand cDNA with a 1:1 mixture of 
random primers and oligo-dT. Second strand synthesis with DNA polymerase I was 
performed as described by the system manufacturer. Double stranded cDNA was 
ligated to BstXl linkers and size fractionated. Pieces larger than about 500 bp were 
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r>^rm^ti«n of tbr figjpjffi! SeauenCe 

The partial sequence of the native gelonin protein was detemnned by 
^ amino acid sequence analysis by automated Edman degradation as 
^mmendedbythen^uf^u 
15 sequencer. Proteolytic peptide fragments of gelonin (isolated from the same batch of 
seeds as the total RNA) were sequenced. 

»f the Gelonin gene , A . ^ 

Three overlapping gelonin cDNA fragments were cloned and a 
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composite gelonin gene was assembled from the three fragments. 

(1) of the Fragment Bicoding me MddleAnmio Ad q 

Gelonin in Vector pING3823. _ 
Degenerate DNA primers based on the gelonin partial ammo acid 
sequences were used to amplify by PCR, segments of the cDNA generated with the 
Perkm-Euner-Cetuskit Six primers were designed based on regions of the gelomn 
ammo acid sequence where degeneracy of the primers could be rninumzed. 
Appropriate^ of primers were tested for ampUfication of a gelonin gene fragment 

^enproductsoftheexpec^^^ tf 
DNAbandsonagaroseg^^ ' 
purified from an agarose gel. Only the primer pair consisting of primers designated 
gelo-7 and gelo-5 yielded a relatively pure product of the expected sue. The 
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sequences of degenerate primers gelo-7 and gelo-5 are set out below using IUPAC 
nucleotide symbols. 

Gelo-7 (SEQ ID NO: 14) 

5' TTYAARGAYGCNCCNGAYGCNGCNTAYGARGG 3' 
5 Gelo-5 (SEQ ID NO: 15) 

3 . jxYTTYATRATRCANTGNCGNCANCTRGTYCA 5 f 
Primer gelo-7 corresponds to amino acids 87-97 of gelonin while primer gelo-5 
corresponds to amino acids 226-236. Hie blunt-ended DNA fragment (corresponding 
to amino acids 87 to 236 of gelonin) generated with primers gelo-7 and gelo-5 was 
10 cloned into pUC18 (BRL, Gaithersburg, Maryland). Hie DNA sequence of the insert 
was determined, and die deduced amino add sequence based on the resulting DNA 
sequence matched the experimentally determined gelonin amino acid sequence. The 
clone containing this gelonin segment is denoted pING3726. 

The insert of clone pING3726 was labeled with and used as a probe 
to screen the 150,000-member Gelonium cDNA library. Only one clone hybridized 
to the library plated in duplicate. This clone was purified from the library and its 
DNA sequence was determined. The clone contains a fragment encoding 185 of the 
270 amino acids of gelonin (residues 25-209) and is denoted pING3823. 

(2) Cloning of the Fragment Encoding the N-terminal Amino Acids 

of Gelonin. 

Based on the sequence determined for the gelonin gene segment in 
pING3726, exact oligonucleotide primers were designed as PCR amplification primers 
to be used in conjunction with a degenerate primer to amplify a 5* gelonin gene 
fragment and with a nonspecific primer to amplify a 3' gelonin gene fragment. 
cDNA generated using the Perkin-Elmer-Cetus RNA-PCR kit was amplified. 

To amplify the 5'-end of the gelonin gene, PCR amplification with a 
degenerate primer gelo-1 and an exact primer gelo-10 was performed. The sequences 
of the primers are set out below. 

Gelo-1 (SEQ ID NO: 16) 

5* GGNYTNGAYACNGTNWSNTTYWSNACNAARGG 3 ( 
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Geto-10(SEQIDNO:n) 
y TOTCTGAACCCGTAACTTGGTAA 5' 

r^gelo-l corce^ to amino adds 1-11 of the gelonin gene whA primer gelo- , 
10 conesptmds to amino acids 126-133. The p»d«c« ft*>m to reacnon was re- 
5 amplified wim geM (SEQ n) NO: 16) and ge.o-11 (an exac, «^ * 
2e*ea encoding amino adds 119-125 of geloma) to confer specrifcny to to 
^oapnxtoct The^^ofpmaergdo-llialiaedbdow- 
Gdo-ll(SEQIDNO: 18) 

3' CACTCITCCGTATATCrCTCTGT 5' Q 

gZed-dcs^^T. Thefragmentwasseouencedre^^to 
^ of to fragment (to fin. 27 nadeotides) cmes^thng » par. ol to 

rdeg«4oftopfia«. ^f^.-«^^^ C " 
cDNA with exact primers gdo-U (SEQ ID NO: 18) and gelo-5' (wUch extends 
_ of toS- end of togetonin *nein addidon .oencoding tofts. .6 annno 
adds of gelonia). The sequence of primer gdo-5" is set out below. 
\ Gelo-5' (SEQ ID NO: 19) 

5' TCAACCCGfKjCrAGATACCXjTGTCAT 
TCrCAACCAAAGOTGCCACTTATATTA 3' 

■najority of to sequence is identical » to nahnal gdomn gene, to ft* 32 
this N-tenninal fragment is referred to as fragment GEL1-125. 
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(3) Cloning of the Fragment Encoding the C-terminal Amino Acids 

of Gelonin. 

To amplify the 3'-end of the gelonin gene as well as 3' untranslated 

sequences, PCR amplification with exact primers gelo-9 and XE-dT was performed. 

5 Hie sequence of each of the primers is set out below. 

Gelo-9 (SEQ ID NO: 20) 

5' CITCATTTTGGCGGCACGTATCC 3 1 

XE-dT (SEQ ID NO: 21) 
3 , Trrrrrrrrrrri . 1 . rrn - rrrAG 

GGTGCATTCGAACGTCGGAGCTC 5 1 
Primer gelo-9 corresponds to amino acids 107-113 of gelonin. Primer XE-dT 
consists of an 3' oligo-dT portion and a 5* portion containing the restriction sites 
Hindm and Xhol, and will prime any poly A-containing cDNA. The reaction 
product was reamplified with exact primers gelo-8 and XE. The sequences of 
primers gelo-8 and XE are set out below. 

Gelo-8 (SEQ ID NO: 22) 
5' CTCGCTGGAAGGTGAGAA 3' 
XE (SEQ ID NO: 23) 

y AGGGTGCATTCGAACGTCGGAGCTC 5* 
Primer gelo-8 consists of sequences encoding amino acids 115-120 of gelonin while 
the primer XE corresponds to the 5* portion of the XE-dT primer which contains 
Hindm and Xhol restriction sites. Hybridization with internal probes confirmed that 
the desired gelonin gene fragment was amplified. The fragment was cloned into 
pUC18 by two different methods. First, it was cloned as a blunt-ended fragment into 
the Smal site of pUC18 (the resulting vector was designated pING3728) and, second, 
it was cloned as an EcoRI to Hindm fragment into pUC18 (this vector was designated 
pING3729). Both vector inserts were sequenced. The insert of pING3728 encodes 
amino acids 114-270 of gelonin, while the insert of pING3729 encodes amino acids ; 
184-270 of gelonin plus other 3* sequences. 
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(4) Assembly of the overling gekmin DNA fragments into a 

composite gelonin gene 

To reassemble the C-tcrminal twtHhirds of the getan gene, vector 

; h fc^ - d - , * fc 

V ecttr)andanXhoIlmte(8bp,New Bn g^Bio»s)w a sligated K ,tf,ere^ 

fteeends. Xte DNA «< then at wnh Xhol and EcoRI, and to 350 bp fragment 
9mmt . encoding amino acids 185-270 of getoain, was isolated. . TUs 350 bp 
• Ltnent was ligafcd adjacent to a Ncol to EcoRI fragment from prNG3823 encoding 
^ adds 37-185 of gelonin in a intermediate vector ttatotod P rNO3730, oms 
reassembling the terminal 87* of me gdonta gene (amino acids 37-270). 

Heal, fragment GEL1-125 was ctn with Smal and Ncol, resulting in 
a fragment encoding amino acids 1-36 of gelonin whk* was Bgated along wim me 
NcoIto^ftagn^rfplr^mb.thevectorpIClOO. (pIClOO is identical to 
PING1500 described in Better etaL, SstaS, 240, 1041-1043 (1988), eacep. ma.it 
I ^37bp«p»eamo f me S d P leader« q ae«ce. The 37 bp were elimimtted by 
digestion of pDTG1500 with SphI and EcoEI, treatment with T4 polymerase and 
reiigatton of the vector. This maniptnation regenerafcd an EcoBI site in the vector 
,*Be dtemating otter undesirable ratrictioa sites.] Beto Ugatton. the vector 
pTClOO had previoasly been digested witt Ssfi. treated witt T4 polymerase, and cot 
aShXhdL Tte ligation generated a new vecwrtam^ 
^wttsdesigntded^pIr^UAItrAce^^oS^I). Tnecompkte 

DNA sequence of the gelonin gene is set out in SEQ ID NO: 11. 

IT.t-am ple 2 

25 r-nnctnintion nf Frpnesgon Vectors 
rnnfatning fiefnnin Gene 

~" A first E.coli expression vector was constructed containing the gelonin 
gene linked to the Ma c^tovora peg leader sequence, and to the Sajrnpne^ 
^urmi Promoter. A basic vector containing the araB promoter is 
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described in co-owned U.S. Patent No. 5,028,530 issued July 2, 1991 which is 
incorporated by reference herein. The vector containing the araB promoter was cut 
with EcoRI and XhoL Two DNA fragments were then ligated in tandem immediately 
downstream of die promoter. The fragment ligated adjacent to the promoter was a 
5 131 bp fragment derived from SstI digestion, T4 polymerase treatment and digestion 
with EcoRI of the pIClOO vector which includes the leader sequence of the R 
carotovora pelB gene. The translated leader sequence is a signal for secretion of the 
respective protein through the cytoplasmic membrane. The fragment ligated 
downstream of the leader sequence was a Smal to Xhol fragment from pING3731 
which contains the complete gelonin gene. Thus, the expression vector contains the 
gelonin gene linked to the pelB leader sequence and the ara B promoter. This plasmid 
is designated pING3733. 

A second expression vector may be constructed that is identical to the 
first except that the gelonin gene sequences encoding the nineteen C-terminal amino 
acids of gelonin are not included. The cDNA sequence of the gelonin gene predicted 
a 19 residue C-terminal segment that was not detected in any peptide fragments 
generated for determination of the gelonin amino acid sequence. These 19 amino 
acids may represent a peptide segment that is cleaved from the mature toxin post- 
translationally, i.e. that is not present in the native protein. A similar C-terminal 
amino acid segment was identified in the plant toxin atrichosanthin [Chow et al., L 
Biol. Chem. . 265, 8670-8674 (1990)]. Therefore, the expression product without the 
C-terminal fragment may be of importance. 

For construction of a gelonin expression vector without the 19 C- 
terminal amino acids of gelonin, PCR was used to amplify and alter the 3 '-end of the 
gene. pING3728 was amplified with primers gelo-14 and geio-9 (SEQ ID NO: 20). 
The sequence of primer gelo-14 is set out below. 

Gelo-14 (SEQ ID NO: 24) 

5 1 TGATCTX^G ACTACTATTTAGG 3 ' 

Primer gelo-14, which corresponds to gelonin amino acids 245-256, introduces a 
termination codon (underlined in the primer sequence) in the gelonin gene sequence 
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which stops transcription of the gene before the sequences encoding the terminal 19 
amino acids of the gelonin and also introduces a Xhol site immediately downstream 
of me termination codom The PCR product was cut with Xhol and EcoRI, and tbe 
resulting 208 bp fragment encoding amino acids 1 85-25 1 of gelonin was purified from 

5 an agarose geL This fragment was ligaied adjacent to the Ncol to EcoRI fragment 
from pING3823 encoding amino acids 37-185 of gelonin to generate plasmid 
plNG3732. A final expression vector, pING3734, containing a gelonin gene with an 
altered 3'-end was generated by substituting an Ncol to Xhol fragment encoding 
" amino acids 37-251 of gelonin from pING3732 into pING3733. 

10 Triftntificatiop *} rAt(X Nativ firf " n ™ 5'-End 

Inverse PCR was used to identify a cDNA clone encoding the 5*-end 
of the mature gelonin gene. 5 /tg of total G. multiflorum RNA was converted to 
cDNA using the Superscript Plasmid System (BRL, Gaithersburg, Maryland) with 
Gdo-ll(SEQmNO:18)asaprimer. Gelonin cDNA was self-ligated to generate 

15 covalent circular DNA and the ligated DNA was amplified by PCR with 
oligonucleotides Gelo-9 (SEQ ID NO: 20) and Gelo-16. The sequence of primer 

Gelo-16 is set out below. 

Gelo-16 (SEQ ID NO: 25) 
5' GTAAGCAGCATCTGGAGCATCT 3* 
20 The PCR product was size-fractionated on an agarose gel and DNAs larger than 300 
bp were cloned into Smal cutpTJC18. Several clones were sequenced with the primer 
Gelo-18, the sequence of which is set out below. 

Gelo-18 (SEQ ID NO: 26) 
5' CATTCAAGAAATTCACGTAGG 3' 
25 A clone identified as having the largest geloiun-specific insert was designated 
plNG3826. TheDNAseqiieiK»ofpmG3826mdudedmefirst32nudeotid^ 
natural, mature gelonin gene not necessarily present in gelonin expression plasmids 
pING3733 and pING3734. The complete DNA sequence of the natural gelonin gene 
is set out in SEQ ID NO: 57. 
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Constmction of Expression Vectors Containing 
a Gelonin Gene with a Natural 5' End 

Derivatives of expression vectors pING3733 and pING3734 (described 
above) containing a gelonin gene with the natural 5' sequence were generated as 
5 follows. The 5'-end of gelonin was amplified from pING3826 with the PCR primers 
Geio-16 (SEQ ID NO: 24) and Gelo-17, the sequence of which is set out below. 
Gelo-17 (SEQ ID NO: 27) 
5 1 GGCCTGGACACCGTGAGCTTTAG 3* 
The 285 bp PCR product was treated with T4 polymerase and cut with NcoL The 
resulting 100 bp 5' -end DNA fragment was isolated from an agarose gel and ligated 
adjacent to the 120 bp pelB leader fragment from plClOO (cut with SstI, treated with 
T4 polymerase and cut with PstI) into either pING3733 or pING3734 digested with 
PstI and NcoL The resulting plasmids pING3824 and pING3825 contain the entire 
native gelonin gene and the native gelonin gene minus the nineteen amino acid 
carboxyl extension, respectively, linked to the pelB leader and under the 
transcriptional control of the araB promoter. The gene construct without the nineteen 
amino acid caiboxyl extension in both pING3734 and pING3825 encodes a protein 
product referred to in this application as "recombinant gelonin. " 

Purification of Recombinant Gelonin 

Recombinant gelonin was purified by the following procedure: E. coli 
fermentation broth was concentrated and buffer-exchanged to 10 mM sodium 
phosphate at pH 7.0 by using an S10Y10 cartridge over a DC 10 unit (Amicon) the 
concentrated and buffer-exchanged material was applied to a CM52 column (100 g, 
5X10 cm). The column was washed with 1 L of starting buffer and eluted with a 0 
to 300 mM NaCl gradient in starting buffer (750 ml total volume). The pure gelonin 
containing fractions were pooled (elution was from 100-250 mM NaCl), concentrated 
over an Amicon YM10 membrane, equilibrated with 10 mM sodium phosphate 
buffer, pH 7.0, and stored frozen at -20°C. A further purification step was attempted 
using Blue Toyopeari chromatography. However, this procedure did not result in an 
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alanine residue, creating a gelonin analog (designated Gel^) which has a cysteine 
available for disulfide bonding at position 44. Conversely, the cysteine at position 
44 was replaced with an alanine residue, resulting in an analog (designated Gel^ 
which has a cysteine available for disulfide bonding at position 50. The combined 
5 series of the foregoing twelve analogs thus spans the entire length of the mature 
gelonin protein. 

Another gelonin analog (Gelc^csoJ was constructed in which both 
native gelonin cysteines were replaced with alanines. Two additional analogs were 
constructed that have alanine residues substituted in place of both native cysteines and 

0 have either a cysteine residue substituted in place of the native lysine at position 10 
(GelClOo^csaJ or a cysteine residue substituted in place of the native aspartate at 
position 247 (GelC247 C44AC5QA ). 

The variants of recombinant gelonin were constructed by restriction 
fragment manipulation or by overlap extension PCR with synthetic oligonucleotides. 

1 The sequences of the primers used for PCR are set out below. In each mutagenic 
primer sequence, the nucleotides corresponding to the changed amino acid, either a 
cysteine or an alanine residue, are underlined. 

Gelo-9 (SEQIDNO:20) 
Gelo-11 (SEQ ID NO: 18) 
Gelo-16 (SEQ ED NO: 25) 
Gelo-17 (SEQ ID NO: 27) 
Gelo-18 (SEQ ID NO: 26) 

Gelo-19 (SEQ ID NO: 60) 
5 f CAGCCATGGAATCCCATTGCTG 3* 

GeloC-1 (SEQ ID NO: 28) 
5 1 TCGATTGCGATCCTAAATAGTACTC 3' 
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GdoC-2 (SEQ H> NO: 29) 

5. TITAGGATCGCMTCGACGAACTTCAAG 3' 

GeloC-3-2 (SEQ ID NO: 30) 

5' GTTXXnt3SIAAAGATCCTAAATAGTACTCGA 3' 

GdoC-4 (SEQ ID NO: 31) 

5- GGATCTTTACAGACGAACTTCAAGAGT 3' 

GdoC-5 (SEQ ID NO: 32) 

5. TCTTGTGCTTCGTCGATAAAGATCC 3' 

GeIoC-6 (SEQ ID NO: 33) 

5' ATCGACGAAGCACAAGAGTGCTATITr 3' 

GeloC-9 (SEQ ID NO: 34) 

5' GTAAAACCATGCATAGCACTCTTGAAGTTCGT 3' 
GeloC-10 (SEQ ID NO: 35) 

5' AGTGCTATGGATGGTITrACTTGATCAACTGC 3' 
GdoC-13 (SEQ ID NO: 36) 

5« AGCACATGTGGTGCCACTTATATTACCTA 3' 
GefoC-14 (SEQ ID NO: 37) 

5' TAAGTGGCACCACATGTGCTAAAGCTCACGGTG 3' 

GeloC-15 (SEQ ID NO: 3S) 

5' TGACTGTGGACAGTTGGCGGAAATA 3' 
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GeIoC-16 (SEQ ID NO: 39) 

5* GCCAACTGTCCACAGTCATTTGAAAGCGCTACC 3' 
GeloC-17 (SEQ ID NO: 40) 

5' GATGATCCTGGAAAGGCITTCGTrTlXjGTAGCGCTT3 ' 

5 GeloC-18 (SEQ ID NO: 41) 

5* AAGCCTTTCCAGGATCATCAGC 
TTTTTTGCGCAGCAATGGG 3* 

GeloC-19 (SEQ ID NO: 42) 

5' AAGCCTTTCCAGGATCATCACAT 3' 

) GeloC-20 (SEQ ID NO: 61) 

5' GACATGTAAAACAAGACTTCATTTTGGC 3' 

GeloC-21 (SEQ ID NO: 62) 

5* TG AAGTCTTGTTITAGATGTGTTTTTGAAG AGGCCT3 ' 
GeloC-22 (SEQ ID NO: 63) 

5' ATGCCATATGCAATTATAAACCAACGGAGA 3* 

GeloC-23 (SEQ ID NO: 64) 
5' GGTTTATAATTGCATATGG 
CATTTTCATCAAGTTTCTTG 3* 

GeloC-24 (SEQ ID NO: 65) 

5' CnTCAACAATGCATTCGCCCGGCGAATAATAC 3* 
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GeloC-25 (SEQ ID NO: 66) 

5- GCGAATGCATTGTTGAAAGTTATTTCTAATTTG 3' 

GdoC-26 (SEQ ID NO: 67) 

5' GTrrrGTGAGGCAGTTGAATrGGAAC 3' 



10 



15 



20 



GeIoC-27 (SEQ ID NO: 68) 

5' TTCAACTGCCTCACAAAACATrCCATTTGCACCT 3' 

GeloC-28 (SEQ ID NO: 69) 

5« AAAAGCTGATGATCCTGGAAAGTG 3' 

GeloC-29 (SEQIDNO: 70) 

5 . TCCAGGAT(^TCAGCITrTTrGCGCAGCAATGGGA 3' 



araB2 (SEQ ID NO: 43) 

5' GCGACTCTCTACTGTITC 3' 

HINDIH-2 (SEQ ID NO: 44) 



\ 5* CGTTAGCAATTTAACTGTGAT 3' 



(1) Specifically, a cysteine was introduced at amino acid 247 of gelonin 
(an aspartic acid which corresponds to the cysteine at position 259 in the ricin A- 
chain) by PCR with mutagenic primers GeloC-3-2 and GeloC-4 in conjunction with 
primers HNDIH-2 (a primer located in the vector portion of pING3734 or 
pING3825), Gelo-9 and Gelc-8. Template DNA <pMG3734) was amplified with 
GeloC-3-2 and fflNDin-2 and in a concurrent reaction with GdoC-4 and Gelo-9. 
The products of these reactions were mixed and amplified with the outside primers 
Gelo-8andHINDIir-2. The reaction product was cut with EcoRI and Xhol, purified, 
and was inserted into plasmid pING3825 in a three-piece ligation. The DNA 
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sequence of the Gel^ variant was then verified. The plasmid containing the 
sequence encoding Gel^ was designated pING3737 (ATCC Accession No, 69009). 

(2-3) In the same manner, a cysteine residue was introduced in place 
of the amino acid at position 248 (a lysine) of gelonin with the mutagenic 
5 oligonucleotides GeloC-1 and GeloC-2 to generate analog Gel^ in plasmid 
pING3741, and a cysteine residue was introduced at amino acid position 239 (a 
lysine) with primers GeloC-9 and GeloC-10 to generate analog GeL^g in plasmid 
pING3744. 

(4) Also in the same manner, a cysteine residue was introduced at 
10 amino acid 244 (a lysine) of gelonin with mutagenic primers GeioC-5 and GeloC-6 

to generate analog Gel^ in the plasmid designated pING3736. This variant was 
prepared by PCR using plasmid pING3734 as template DNA rather than pING3825. 
It therefore encodes the same N-terminal gelonin amino acid sequence as plasmids 
pING3737, pING3741, and pING3744, but includes the PCR primer-derived 5'-end 
15 32 nucleotides instead of .the native gelonin 5'-end nucleotides. 

(5) A cysteine residue was introduced in place of the amino acid (a 
lysine) at position 10 of gelonin by a similar procedure. A cysteine was introduced 
with mutagenic primers GeloC-13 and GeloC-14 by amplifying pING3824 with ara 
B2 (a vector primer) and GeloC-14, and in a separate reaction, with GeloC-13 and 

\ 20 Gdo-11. These reaction products were mixed and amplified with the outside primers 
ara B2 and Gelo-11. The PCR product was cut with PstI and Ncbl, purified, and 
cloned back into pING3825 to generate analog Gel^o in the plasmid designated 
pING3746 (ATCC Accession No. 69008). 

(6) The asparagine at position 60 of gelonin was replaced with a 
25 cysteine residue using two mutagenic oligos, GeloC-15 and GeloC-16, in conjunction 

with oligos ara B2 and Gdo-11 in the same manner as for the Gdc 10 variant. The 
plasmid encoding the Gel^ analog was designated pING3749. 

(7) A cysteine was introduced at amino acid 103 (an isoleucine) by 
PCR with mutagenic primers GeloC-20 and GeloC-2 1 in conjunction with primers ara 

30 B2 and HINDin-2. Template DNA (pING3733) was amplified with GeloC-21 and 



PCT/US92/09487 

WO 93/09130 

-38- 

ara B2 and separately with GeloC-20 and fflNDIH-2. The products of these reactions 
were mixed and amplified with the outside primers ara B2 and HTND1TI-2. The 
reaction product was cut with Neol and BcH, purified, and inserted into pING3825 
digested withNcol and BclL The oligonucleotides used to place a cysteine at residue 
5 103 also introduced an AfUH restrictiou site which was verified in the cloned gene. 
The plasmid containing the GeW analog was designated pING3760. 

(8) A cysteine was introduced at position 146 (an aspartic acid) by a 
^strategy. Template DNA (plNG3733) was amplified with mutagenic primer 
• GeloC-22 and Gelo-14 and separately with mutagenic primer GeloC-23 and Gelo-19. 

The reaction product was cut with Bgffl and EcoRI, and can be inserted mto 
P1NG3825 ma three-piece ligation. The ofigonucleotides used to place a cysteme at 
xesidue 146 also introduced aNdel restriction site which can be verified in the cloned 
gene. 

I5 (9) to introduce a cysteine at position 184 (an arginine) of gdomn, 

template DNA <pING3733) was amplified with mutagenic primer GeloC-25 and ara 
B-2 and separately with mutagenic primer GeloC-24 and HINDIII-2. The products 
of these reactions were mixed, and amplified with ara B2 and Gelo-14. Thereachon 
product was cut withNcol andBcE, and inserted into P ING3825 previously digested 
withNcol and BclL TbeoBgonudeoadesusedtoplaceacy^ 
introdnced an Nsil restriction site which was verified in the cloned gene. The 
plasmid containing the sequence encoding the Gel^ variant was designated 
pJNG3761. 

(10) A cysteine can be introduced at position 215 (a serine) by a 
25 similar strategy. Template DNA (plNG3733) was amplified with mutagenic primer 
GeloC-27andaraB2 and separately wimmutageruc primer GdoC-26 and HINDin-2. 
The products of these reactions were mixed, and amplified with ara B2 and HnNDBI- 
2. The reaction product was cut with EeoRI and Bell, and can be inserted into 
pING3825 in a three-piece ligation. 
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(1 1) Another gelonin variant with a free cysteine residue was generated 
by replacing one of the two naturally occurring gelonin cysteine residues, the cysteine 
a position 50, with an alanine. Plasmid pING3824 was amplified with primers 
GeloC-17 and Gelo-11, and concurrently in a separate reaction with primers GeloC- 
5 19 and ara B2. The reaction products were mixed and amplified with ara B2 and 
Gelo-11. This product was cut with Ncol and BgUI, and cloned back into the vector 
portion of pING3825 to generate pING3747 (ATCC 69101). This analog was 
designated Gel^ because it contains a cysteine available for disulfide bonding at 
amino acid position 44. 
0 (12) A gelonin variant with the natural cysteine at position 44 changed 

to alanine was constructed by amplifying pING3733 using the mutagenic oligos 
GeloC-28 and GeloC-29 in conjunction with primers ara B2 and HINDin-2. The 
amplified DNA was cut with Ncol and Bgin, and cloned into a gelonin vector, 
generating pING3756. The variant generated was designated Gel^. 
> (13) A gelonin variant in which both the cysteine at position 44 and 

the cysteine at position 50 of gelonin were changed to alanine residues was 
constructed by overlap PCR of pING3824 using the mutagenic oligos GeIoC-17 and 
Gel6C-18 in conjunction with primers ara B2 and Gelo-IL This analog, like the 
native gelonin protein, has no cysteine residues available for conjugation. The 
plasmid encoding the analog was designated pING3750. The analog generated was 
designated Gel C44AC5QA . 

(14) The triple mutant GeloninC247c44 AC$aA was constructed from the 
plasmids pING3824, pING3750 and pING3737. This variant contains an introduced 
cysteine at position 247 while both of the naturally occurring cysteine residues at 
positions 44 and 50 have been replaced with alanine and is desirable because disulfide 
linkage to an antibody is assured at only a single cysteine residue in the gelonin 
analog. Plasmid pING3824 was cut with Ncol and Xhol and the vector fragment was 
purified in an agarose gel. pING3750 was cut with Ncol and EcoRI and pING3737 
was cut with EcoRI and Xhol. The NcoI-EcoRI fragment encodes the alanines at 
positions 44 and 50 while the EcoRI-XhoI fragment encodes the cysteine at position 
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247. Brtofttofl^^^ll^ - 
fragment The resulting plasmid is named pMG3752. 

(15) The triple mutant GdoninClCW** was also constructed by , 
assembly from previously assembled plasmids. In this case, pING3746 was cut with 
5 PstI and Ncol, whfle pING3750 was cut with Ncol and Xhol. Each of the insert , 
fragments were purified by electrophoresis in an agarose gel, and the fragments were 
jigated into a PstI and Xhol digested vector fragment The resulting vector was 

designated pDTG3753. 

Each of the gelonin variants constructed was transformed into R coh ^ 

10 strain E104. Upon inducticm of bacterid 

could be detected in the culture supernatants with gelonin-specific antibodies. There 
were no significant differences detected in the expression levels of gelonin from 
plasmids pING3734 and pING3825, or in the levels from any of the gelonin variants. 
Each protein was produced inRcoliat levels of approximately 1 g/L 

15 Sample 4 

PprirsTlncvte T.ysatft Assay 

The ability of gelonin and recombinant gdoiifo analogs to inhibit 
protein synthesis in yjtro was tested using a reticulocyte lysate assay (RLA) described 
in Press et al., Immunol Letters. U, 37-41 (1986). The assay measures the ^ 
inhibition of protein synthesis in a cell-free system using endogenous globin mRNA 
from a rabbit red blood ceU lysate. Decreased incorporation of tritiated leucine fH- 
Leu) was measured as a function of toxin concentration. Serial log dilutions of 
standard toxin (the 30 kD form of ricin A-chain, abbreviated as RTA 30), native 
gelonin, recombinant gelonin (rGelonin) and gelonin analogs were tested over a range 
25 of 1 ag/ml to 1 pg/mL Samples were tested in triplicate, prepared on ice, incubated * 
for 30 minutes at 37* C, and then counted on an Inotee Trace 96 cascade ionization ^ 
counter. By comparison with an uninhibited sample, the picomolar concentration of . 
toxin <pM) which corresponds to 50% inhibition of protein synthesis (IC50) was 
catenated. As is shown in Table 2 below, recombinant gelonin and most of its 
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analogs exhibit activity in the RLA comparable to that of native gelonin. For some 
of the analogs (such as Gelo^), RLA activity was diminished. 

Table 1 



Toxin I£»(pM) 

5 RTA 30 2.5 

Gelonin 15 

rGelonin 11 

Gelcjo 60 

Gel^ 20 

10 Geloo 47 

Gelcjo 26 

Gel^,, 955 

Gelo44 32 

Gelc^ 12 

15 Gel^ 47 

GeloMAC^OA 16 



GelC10c44 ACSOA 7 
GelC^c^ca* 20 

Example 5 
Preparation of Gelonin Immunoconiupates 

Gelonin analogs of the invention were variously conjugated to murine 
(ATCC HB9286) and chimeric H65 antibody, (CH65) and cH65 antibody domains 
(including cFab, cFab' and cFfcb'k fragments) that arc specifically reactive with the 
human T cell determinant CDS. H65 antibody was prepared and purified by methods 
described in U.S. Patent Application Serial No. 07/306*433, supra and International 
Publication No. WO 89/06968, supra . Chimeric H65 antibody was prepared 
according to methods similar to those described in Robinson et al., Human Antibodies 
and Hvbridomas . 2, 84-93 (1991). 
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(1) rrm fupation «" ^5 antibodies 

To expose a reactive sulfhydryl, the unpaired cysteine residues of the 
gelonin analogs were first reduced by incubation with 0.1 to 2 mM DTT (30-60 # 
minutes at room temperature), and then were desalted by size-exdusion 

5 chromatography. 

Specifically, the GeW analog (3.8 mg/ml) was treated with 2 mM 
DTT for 60 minutes in 0.1 M NaPhospfaate, 0.25 M Nad, pH 7.5 buffer. The 
GdaM variant (7.6 mg/ml) was treated with 2 mM DTT for 30 minutes in 0. 1 M 
- NaPhosphate, 0.25 M NaCI, P H 7.5 buffer. The GeW analog (4 mg/ml) was ^ 
10 treated with 2 mM DTT for 30 minutes in 0.1 M NaPhosphate, 0.5 MNaO, pH7.5 
buffer with 0.5 mM EDTA. The GeW variant (3.2 mg/ml) was treated with 2 mM 
DTT for 30 minutes in 0.1 m NaPhosphate, 0.5 M Nad, pH 7.5 buffer with 0.5 mM 
EDTA. The GeW analog (4.2 mg/ml) was treated with 0. 1 mM DTT for 30 minutes 
in 0.1 M NaPhosphate, 0. 1 M NaCI, pH 7.5 buffer with 0.5 mM EDTA. Lastly, the 
15 Gel™ variant (3.1 mg/ml) was treated with 1 mM DTT for 20 minutes in 0. 1 M 
NaPhosphate, 0.1 M NaCI, pH IS buffer with 1 mM EDTA. 

The presence of a free sulfhydryl was verified by reaction with DTNB 
and the average value obtained was 1.4 ± 0.65 SB/molecule. No tree thiols were 
detected in the absence of reduction. 
\ 20 H65 antibody and chimeric H65 antibody were chemically modified ^ 

with the hindered linker 5-methyl-2-iminothiolane (M2IT) at lysine residues to 
introduce a reactive sulfhydryl group as described in Goff et al., BioconiugateChem. , 

1, 381-386 (1990). 

Specifically, for conjugation with GeW and GeW, murine H65 
25 antibody at 4 mg/mL was derivirized with 18x M2TT and 2.5 mM DTNB in 25 mM 
TEQA, 150 mM NaCI, pH 8 buffer for 1 hour at 23 *C. The reaction gave 1.9 
linkers per antibody as determined by DTNB assay. 

For conjugation with GeW and GeW, 365 antibody at 4.7 mg/mL . 
was derivitized with 20x M2IT and 2.5 mM DTNB in 25 mM TEOA 150 mM NaCI, 
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pH 8 buffer for 50 minutes at 23 X. The reaction gave 1.6 linkers per antibody as 
determined by DTNB assay. 

Before reaction with Gel^, H65 antibody at 5.8 mg/mL was 
derivitized with 20x m2IT and 2.5 mM DTNB in 25 mM TEOA, 150 mM NaCl, pH 
5 8 buffer for 30 minutes at 23 # C. The reaction gave 1.5 linkers per antibody as 
determined by DTNB assay. 

For conjugation with Gelco, H65 antibody at 2.2 mg/mL was 
derivitized with lOx m2lT and 2.5 mM DTNB in 25 mM TEOA, 150 mM NaCl, pH 
8 buffer for 1 hour at 23 *C. The reaction gave 1.4 linkers per antibody as 
determined by DTNB assay. 

Chimeric H65 antibody was prepared for conjugation in a similar 
manner to murine H65 antibody. 

Two methods were initially compared for their effectiveness in 
preparing immunoconjugates with recombinant gelonin. First, the native disulfide 
bond in recombinant gelonin was reduced by the addition of 2mM DTT at room 
temperature for 30 minutes. The reduced gelonin was recovered by size-exclusion 
chromatography on a column of Sephadex GF-05LS and assayed for the presence of 
free sulfhydryls by the DTNB assay. 1.4 free SH groups were detected. This 
reduced gelonin was then reacted with H65-(M2IT)-S-S-TNB (1.8 TNB groups/H65). 
Under these experimental conditions, little or no conjugate was prepared between 
reduced gelonin and thiol-activated H65 antibody. 

In contrast, when both the recombinant gelonin and the H65 antibody 
were first derivitized with the crosslinker M2IT (creating gelonin-(M2n>SH and 
H65-(M2IT)-S-S-TNB) and then mixed together, H65-(M2n>S-S-(M2IT)-gelonin 
conjugate was prepared in good yield (toxin/antibody ratio of 1.6). The starting 
materials for this conjugation (gelonin-(M2IT)-SH and H65-(M2ri>S-S-TNB) 
contained linker/protein ratios of 1.2 and 1.4, respectively. Native gelonin was 
derivatized in a similar manner prior to conjugation to murine or chimeric H65 ; 
antibody. 
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The reduced gelonin analogs were mixed with H65-(M2IT)-S-S-TJNB 
to allow conjugation. The following conjugation reactions were set up for each 
analog: 23 mg (m 7.2 ml) of H6>MOT-TNB were mixed with a 5-fold molar excess 
of Gelott (23 mg in 6 ml) for 2 hours at room temperature, then for 18 hours 
5 overnight at 4'C; 23 mg Cm 7.3 ml) of H65-m2IT-TNB were mixed with a 5-fold 
molar excess of GeW (23 mg in 3 ml) for 3 hours at room temperature, then for 18 
hours overnight at 4'C; 9 mg (hi 2.8 mL) of H65-m2IT-TNB were mixed with a 5- 
fold molar excess of Gel^ (9mgin 2.25 mL) for 2 hours at room temperature, then 
* for 5 nights at 4'C; 9 mg On 2.8 mL) of H65-m2IT-TNB were mixed with a Mold 
10 molar excess of Gel^ (9mg in 2.6 mL) for 2 hours at room temperature, then at 
4*C for 3 days; 12 mg (m 1.9 mL) of H65-m2IT-TNB were mixed with a 5.6-fold 
molar excess of GeW (13.44 mg in 3.2 mL) for 4.5 hours at room temperature, then 
4*C overnight; and 11 mg of H65-m21T-TNB were mixed with a 5-fold molar excess 
of Gelco (1 1 mg in 3.5 mL) for 4 hours at room temperature, then at 4 * C overnight. 

Following conjugation, unreacted MOT linkers on the antibody were 
quenched with 1:1 mole cysteamine to linker for 15 minutes at room temperature. 
The quenched reaction solution was then loaded onto a gel filtration column 
[Sephadex G-150 (Pharmacia) in the case of GeW, G&\ a<h Gd^ and Gel^ and 
an AcA-44 column (DBF Bio teenies, France) in the case of Gel^ and Gelaol- The 
reactions were run over the gel filtration columns and eluted with 10 mM Tris, 
0. 15M NaQ pH 7. The first peak off each column was loaded onto Blue Toyopearl* 
resin (TosoHaas, Philadelphia, Pennsylvania) in 10 mM Tris, 30 mM NaQ, pH 7 and 
the product was eluted with 10 mM Tris, 0.5 M Nad, pH 7.5. 

Samples of the final conjugation products were run on 5% non-reduced 
SDS PAGE, Coomassie stained and scanned with a Shimadzu laser densitometer to 
quantitate the number of toxins per antibody (T/A ratio). The yield of final product 
for each analog conjugate was as follows: Gelow, 17 mg with a T/A ration of 1.6; 
Gelcwj, 1.1 mg with a T/A ratio of 1; GeL^, 4.5 mgs with a T/A ratio of 1.46; ; 
Gelca,, 2.9 mg with a T/A ratio of 2.4; GeU, 7.3 mg with a T/A ratio of 1.22; and 
Geldo, 6.2 mg with a T/A ratio of 1.37. Conjugation efficiency <i.e., conversion of 
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free antibody to immunoconjugate) was significantly greater (—80%) for some 
analogs (Geloo, Gel^, Gel^, Gel^, and Gel^ than for others (-10%, Gel^). 
(2) Conjugation to antibody fragments 

Analogs Gel^ and Gel^ were conjugated to various chimeric [cFab, 
5 cFab' and cFCab^J and "human engineered" [hel Fab, he2 Fab, he3 Fab, hel Fab 1 
and hel F(ab')J antibody fragments. Chimeric H65 antibody fragments may be 
prepared according to the methods described in U.S. Patent Application Serial No. 
07/714,175, supra and in International Publication No. WO 89/00999, supra . The 
DNA sequences encoding the variable regions of H65 antibody fragments that were 
0 human engineered (referring to the replacement of selected murine-encoded amino 
acids to make the H65 antibody sequences less immunogenic to humans) according 
to the methods described in co-pending, co-owned U.S. Patent Application Serial No. 
07/808,454 filed December 13, 1991 which is incorporated by reference herein, are 
set out in SEQ ID NO: 71 (the kappa chain of hel and he2), SEQ ID NO: 72 (the 
> gamma chain of hel), SEQ ID NO: 73 (the gamma chain of he2 and he3) and SEQ 
ID NO: 74 (the kappa chain of he3) 

The chimeric H65 antibody fragments were conjugated to Gel^ 
analog basically as described below for conjugation of human engineered Fab and 
Fab* fragments to Gelc^? and Gel^. 

(a) hel Fab-Gel^ 

The hel Fab was dialyzed into 25 mM TEOA buffer, 250 mM NaCl, 
pH 8 and then concentrated to 6.8 mg/mL prior to derivitization with the M2IT 
crosslinker. For the linker reaction, M2IT was used at 20-fold molar excess, in the 
presence of 2.5 mM DTNB. The reaction was allowed to proceed for 30 minutes at 
room temperature, then desalted on GF05 (gel filtration resin) and equilibrated in 0.1 
M Na Phosphate, 0.2M NaCl, pH 7.5. A linker number of 1.8 linkers per Fab was 
calculated based on the DTNB assay. The hel Fab-M2IT-TNB was concentrated to 
3.7 mg/mL prior to conjugation with Gel^. 

Gel^ at 12.8 mg/mL in 10 mM Na Phosphate, 0.3M NaCl, was 
treated with 1 mM DTT, 0.5 mM EDTA for 20 minutes at room temperature to 
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^ a reactive sulfhydryl for conjugation and to was desalted on GF05 and 
expose a reacnve >— J J „, um _ ,^,5 Free tbiol content was 

^ , ^^.o hel Fab-M2TT-TNB (both proteins were m 
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m i s hours at room temperature and then overrun ^ 

to 3.5 hours ai mu *~ cysteamine to linker for 15 
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Gdc247 using the DTNB assay. The Gel^ was concentrated to 10 mg/mL prior to 
conjugation with activated hel Fab'^IT-TNB. 

For the reaction between the free thiol on Gele^ and the derivitized 
hel Fab , -M2IT-TNB, conditions were as follows. A 5.7-fold molar excess of gelonin 
5 was added to activated hel Fab'-M2IT-TNB and the final salt concentration was 
adjusted to 0.25 M. Hie reaction mix was incubated for 1.5 hours at room 
temperature and then over the weekend at 4*C. Following conjugation, unreacted 
MOT linkers were quenched with 1:1 mole cysteamine to linker for 15 minutes at 
room temperature. The quenched reaction solution was loaded onto a gel filtration 
10 column (AcA54) equilibrated with 10 mM Tris, 250 mM NaCI, pH 7.5. The first 
peak off this column was diluted to 20 mM NaCI with 10 mM Tris, pH 7 and loaded 
on Blue Toyopeari® which was equilibrated in 10 mM Tris, 20 mM NaCI, pH 7. 
The column was then washed with 10 mM Tris, 30 mM Nacl, pH 7.5. The product 
was eiuted with 10 mM Tris, 1 M NaCI, pH 7.5. 
15 (c) he2Fab GeU 

The he2 Fab was dialyzed overnight into 25 mM TEOA, 0.25 M NaCI, 
pH 8 buffer and then concentrated to 13.3 mg/mL prior to derivitization with the 
MOT crosslinker. For the linker reaction, M2IT was used in a 20-fold molar excess 
in the presence of 2.5 mM DTNB. The reaction was allowed to proceed for 20 
20 minutes at room temperature and was then desalted on a GF05-LS (gel filtration) 
column, equilibrated in 0. 1 M Na Phosphate, 0.2 M NaCI with 0.02 % Na azide. A 
linker number of 1.7 linkers per Fab-M2IT-TNB was calculated based on the DTNB 
assay. After derivitization and gel filtration, the he2 Fab concentration was 5.2 
mg/mL. 

25 Gd^ at 8.33 mg/mL in 10 mM Na Phosphate, pH 7.2 was treated 

with 5 mM DTT and 0.5 mM EDTA for 30 minutes at room temperature to expose 
a reactive thiol for conjugation and then was desalted on GF05-LS resin equilibrated 
in 0,1 M Na Phosphate, 0. 1 M NaCI with 0.5 mM EDTA plus 0.02% Na azide, pH ; 
7.5. Free thiol content was determined to be 0.83 moles of free SH per mole of 
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GeU using the DTNB assay. The gelonin was concentrated to 11.4 mg/mL prior 

to conjugation with activated he2 Fab. 

The conjugation reaction conditions between the free thiol on GeW 
and the derivitized he2 Fab-M2IT-TNB were as follows. A 3-fold excess of the 
5 gelonin analog was added to activated he2 Fab-M2IT-TNB (both proteins were in 0. 1 
M Na Phosphate, 0.1 M Nad, pH 7.5 but the gelonin solution contained 0.5 mM 
EDTA as well). The reaction mixture was concentrated to half its original volume, 
then the mixture was incubated for 4 hours at room temperature followed by 72 hours 
' at4*C. Following the incubation period the efficiency of conjugation was estimated 

10 at 70-7596 by examination of SDS PAGE. 

Following conjugation the excess M2TT linkers were quenched by 
incubation with 1:1 mole cysteamine to linker for 15 minutes at room temperature. 
The quenched reaction as loaded onto a gel filtration column (G-75) equilibrated in 
lOmMTris, 0.15MNaCl, P H7. The first peak off this column was diluted to 30 
15 nrMNaawi*10mMTris,pH7^ 

column. The product was eluted with 10 mM Tris, 1 M Nad, pH 7.5. 
(d) he3 Fab GeW 

Similarly, the he3 Fab was dialyzed overnight into 25 mM TEOA, 0.25 
M Nad, PH 8 buffer and then concentrated to 5 mg/mL prior to derivitization with 

20 me MOT crosslinks For the linker reaction, M2TT was used in a 10-fold molar 
excess in the presence of 2.5 mM DTNB. The reaction was allowed to proceed for 
45 minutes at room temperature and was then desalted on a GF05-LS (gel filtration) 
column, equilibrated in 0.1 M Na Phosphate, 0.2 M NaCl with 0.02% Na azide. A 
linker number of 1 M2TT per Fab-M2IT-TNB was calculated based on the DTNB 

25 ^ After derivitizafion and gel filtration, the he3 Fab concentration was 5.3 
mg/mL. 

Gel c44 at 7.8 mg/mL in 0.1 M Na Phosphate, 0.1 M Nad, pH 7.5 
was treated with 1.5 mM DTT and 1 mM EDTA for 30 minutes at room temperature 
to expose a reactive thiol for conjugation and then was desalted on GF05-LS resin 
30 equifibrated in 0.1 M Na Phosphate, 0.1 M Nad plus 0.O29S Na azide, pH 7.5. 
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Free thiol content was determined to be 0.66 moles of free SH per mole of Gel w 
using the DTNB assay. The gelonin was concentrated to 5.2 mg/mL prior to 
conjugation with activated he3 Fab. 

The conjugation reaction conditions between the free thiol on Gel w 
5 and the derivitized he3 Fab-M2IT-TNB were as follows. A 5-fold excess of the 
gelonin analog was added to activated he3 Fab-M2IT-TNB (both proteins were in 0. 1 
M Na phosphate 0.1 M NaCl, pH 7.5). Hie reaction mixture was incubated for 2 
hours at room temperature followed by 72 hour at 4*C. Following the incubated 
period the efficiency of conjugation was estimated at 70-75 % by examination of SDS 
10 PAGE. 

Following conjugation, the excess M2IT linkers were quenched by 
incubation with 1:1 mole cysteamine to linker for 15 minutes at room temperature. 
The quenched reaction was loaded onto a GammaBind G (immobilized protein G 
affinity resin, obtained from Genex, Gaithersburg, Maryland) equilibrated in 10 mM 
15 Na Phosphate, 0.15 M NaCl, pH 7. It was eluted with 0.5 M NaOAc, pH 3 and 
neutralized with Tris. It was dialyzed into 10 mM Tris, 0.15 M NaCl, pH 7 
overnight, then diluted to 30 mM NaCl with 10 mM Tris, pH 7 and loaded onto a 
blue ToyopearF (TosoHaas) column. The product was eluted with 10 mM Tris, 1 
M NaCl, pH 7.5 

20 Example 6 

Whole Cell Kill Assays 

Immunoconjugates prepared with gelonin and gelonin analogs were 

tested for cytotoxicity against an acute lymphoblastoid leukemia T cell line (HSB2 

cells) and against human peripheral blood mononuclear cells (PBMCs). 
25 Immunoconjugates of ricin A-chain with H65 antibody (H65-RTA) and antibody 

fragments were also tested. The ricin A-chain (RTA) as well as the H65-RTA 

immunoconjugates were prepared and purified according to methods described in U.S. 

Patent Application Serial No. 07/306,433, supra and in International Publication No. 

WO 89/06968, supra . 
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Briefly, HSB2 ceils were incubated with immunotoxin and the 
inhibition of protein synthesis in the presence of immunotoxin was measured relative 
to untreated control cells. The standard immunoconjugates H65-RTA (H65 ^ 
derivitize d with SPDP linked to RTA), H65-GeIonin and H65-rGelonin, H65 
fragment irrununoconjugate, and gdonin immunoconjugate samples were diluted with > 
KPMI without leucine at half-log concentrations ranging from 2000 to 0.632 ng/ml. 
All dilutions were added in triplicate to microtiter plates containing 1 x 10 s ESB2 
cells HSB2 plates were incubated for 20 hours at 37 * C and then pulsed with H-leu 
for 4 hours before harvesting. Samples were counted on the Inotec Trace 96 cascade ^ 
ionization counter. By comparison with an untreated sample, the picomolar 
concentration (pM) of immunotoxin which resulted in a 50% inhibition of protein 
synthesis QCJ was calculated. In order to normalize for conjugates containing 
differing amounts of toxin or toxin analog, the cytotoxicity data were converted to 
picomolar toxin <pM T) by multiplying the conjugate IC* Cm pM) by the 
15 toxin/antibody ratio which is unique to each conjugate preparation. 

ThePMBC assays were performed as described by Fish wild et al., 
gjn WT* p TmmunoL. 86, 506-513 (1991) and involved the incubation of 
immunoconjugates with PBMCs for a total of 90 hours. During the final 16 hours 
of incubation, 3 H-thymidme was added; upon completion, immunoconjugate-induced 
X 20 MiibitionofDr^synthesfe 0 
H65 antibody conjugates against HSB2 cells and PBMC cells are listed in Table 2 

below. 
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Table2 
IQo(pMT) 



Coniueate 


HSB2 Cells 


AT AJAVAV^A 


H65-RTA 


143 




H65-(M2m-S-S-(M2rTVGelonin 


1770 


OA 


H65-fM2ITVS-S-rM2ITi-i<jelonin 


276 


/D 


H65-(M2rD-S-S-GeL>,A 


140 




H65^M2rn-S-S-GeL^4 


99 




iiuj y ataxia x y kj »J^JwAc239 




1 OA 


nuj \aya^.a A y o O vJC1q244 




>27UU 


HoD-CMxITJ-S-S-Gdc^; 


41 


35 


H65-(M2IT)-S-S-Gel C248 


440 


203 


cH65-RTAjo 


60 


400 


cH65-(M2IT)-S-S-(M2IT)-Gelonin 


1770 


140 


cH65-(M2IT)-S-S-(M2n>rGelonin 


153 


120 


cHes-cKmD-s-s-GeicB, 


>7000 


290 


cHes-^rr^s-s-Geic^ 


34 


60 




238 


860 



Against HSB2 cells, many of the gelonin analog immunoconjugates 
were significantly more potent than conjugates prepared with native gelonin or 
recombinant, unmodified gelonin, both in terms of a low IQo value, but also in terms 
of a greater extent of cell kill. Against human PBMCs, the gelonin analog conjugates 
were at least as active as native and recombinant gelonin conjugates. Importantly, 
however, some of the conjugates (for example, Gelco, Gel^ and Gel^) exhibited 
an enhanced potency against PBMCs compared to native and recombinant gelonin 
conjugates, and also exhibited an enhanced level of cell kill (data not shown). 

The activities of die H65 antibody fragment conjugates against HSB2 
cells and PBMC cells are listed in Tables 3 and 4 below, wherein extent of kill in 
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highest immunotoxin concentration tested (1 /ig/n»I)- 

Table3 
ICjo(pM1) 



5 rnn jngate 

cFab'-JlTA 30 
cFab'-rGekmin 
cFab'-GeW 
cF(ab*)2-RTA30 

cFCab'^-GeW 



HSB2 Cells 


PBMCs 


530 


1800 


135 


160 


48 


64 


33 


57 


55 


34 


23 


20 


181 


95 



15 



20 



fjtwifueate 

hel Eab'-Gelcwj 

hel Fab-GelcM? 

lu^Fab-GeloM 

heSFab-GeloM 

cFab'-Geloff 
cF(ab')2-rGelonm 

FCab'^-GeW 
cFCab'^-GeW 



Table 4 
ICjo(pMT) 



TTSB2 Cells 


F.YtentofKiIl 


57.7 


93% 


180 


94% 


363 


91% 


191 


93% 


47.5 


93% 


45.4 


85% 


77.5 


83% 


23.2 


85% 



25 



ThecFab" 
conjugates with 



-Gel^immunoconjugateis clearly more cytotoxic thaa cFab* 
anorRTA30. 
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Example 7 

Solubility 

Recombinant gelonin and the gelonin analogs exhibited enhanced 
solubility in comparison to both native gelonin and RTA30. In addition, recombinant 
5 gelonin and gelonin analog immunoconjugates exhibited enhanced solubility relative 
to immunoconjugates prepared with native gelonin and RTA30. This enhanced 
solubility was particularly noteworthy for recombinant gelonin and analog conjugates 
prepared with chimeric Fab fragments. 
Disulfide Bond Stability As fsay 

10 ThestabffityofthedisuffidebondliiuMgaRIPto 

(such as an antibody) is known to influence the lifespan of immunoconjugates in vivo 
[see Thorpe et aL, Cancer Res, , 47, 5924-5931 (1987)]. For example, conjugates in 
which the disulfide bond is easily broken by reduction in vitro are less stable and less 
efficacious in animal models [see Thorpe et aL, Cancer Res. , 48, 6396-6403 (1988)]. 
15 Immunoconjugates prepared with native gelonin, recombinant gelonin 

and gelonin analogs were therefore examined in an in vitro disulfide bond stability 
assay similar to that described in Wawrzynczak et aL, Cancer Res 50, 7519-7526 
(1990). Conjugates were incubated with increasing concentrations of glutathione for 
1 hour at 37 *C and, after terminating the reaction with iodoacetamide, the amount 
of RIP released was quantitated by size-exclusion HPLC on a TosoHaas TSK- 
G2000SW column. 

By comparison with the amount of RIP released by high concentrations 
of 2-mercaptoethanol (to determine 100% release), the concentration of glutathione 
required to release 50% of the RIP (the RQo) was calculated. The results of assays 
25 for H65 antibody conjugates are set out in Table 5 below. 



20 



PCT/US92/09487 

WO 93/09130 

-54- 
Table5 

nnnfagate 

H65-RTA30 32 

H65-(M2n>S-S-(M2IT)-geIonm 111 

H65-(M2rr)-S-S-(M2ri>rGdonin 3.0 

H65^M2I3>S-S-Gelcio 25 

H65-(M2n>S-S-GeU 06 



15 



\ 



20 



nes-mm-s^-Gdam 7740 

2.50 



^-(NCID-S-S-GeloM 12 
H65-(M2ir)-S-S-<3dcMT 
H65-(M21T)-S-S-Gd<34s 04 



0.1 



CH65-RTA 30 

cH65-(M2n)-S-S-(M2II>i<3donin 2.39 

cH65-{M2IT)-S-S-Gdcw7 011 

^-(M^-S-S-GelcMs °' 32 



B. foreanng MC* M *e A of*e »— f ~ 

•tteforegon-g . wim fl* exception of Gel*, and 

The stability of the Qdcm analog, bowever, was partly enhanced- 

Tte^oftoassayforHeSantibodyfiagmentconj^ 



are set out in Table 6 betow. 
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Table6 



Coniu^ate 




hel Fab'-GeW, 


0 07 


cFab '-Gelonin 


1.27 


crao -vjei c2 47 


A AO 


cFCab'VRTA 30 


1.74 


cF(ab')2-rGdonin 


2.30 


cFCab'^-Gelc^ 


0.09 




0.32 


he2 Fab-Gdow 


0.46 


he3 Fab-GdoM 


0.58 



From the RC50 results presented in Tables 5 and 6, it appears that the 
particular RIP analog component of each immunotoxin dictates the stability of the 
iramunotoxin disulfide bond in vitro . 

Example 8 

Ph armacokinetics of Conjugates to H65 Antihorfv 

The pharmacokinetics of gelonin analogs Gel^, Gel^ and Geldo 
linked to whole H65 antibody was investigated in rats. An IV bolus of 0. 1 mg/kg of 
^-labelled immunoconjugate HeS-fMm^-S-S-Ge^, Hte-^TTyS-S-Gelm or 
H65-(M2TI>S-S-Gel cl0 was administered to male Sprague-Dawley rats weighing 134- 
148 grams. Serum samples were collected from the rats at 3, 15, 30 and 45 minutes, 
and at 1.5, 2, 4, 6, 8, 18, 24, 48, 72, and 96 hours. Radioactivity (cpm/ml) of each 
sample was measured, and SDS-FAGE was performed to determine the fraction of 
radioactivity associated with whole immunoconjugate. Immunoconjugate associated 
serum radioactivity was analyzed using the computer program PCNONUN (SCI 
Software, Lexington, Kentucky). Table 7 below lists the pharmacokinetic parameters 
of the immunoconjugates. In the table, the standard error for each value is indicated 
and a one way analysis of variance is presented, IC is the immunoconjugate (specified 
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w ^ nart 0 f the immunoconjugate) n is 

the number of animals m the study, Vc is thecen ^ ^ the « half-life and 
clearance, MRT is the total body mean residence tune, Alpha is th 
Beta is the half-life of the immunoconjugate. 

Table 7 

5 mrt Alpha Beta 

fhgurs} ibfiysa . 



10 



15 





Vc 


a 




fml/lg) 


(ml/hr/keY 


H65 GeW 


65-3 ± 3.4 


11.0 ± 0.4 


n=32 






H65 GeloM 


61.9 ± 2.4 


4.1 ± 0.1 


n=38 






H65Gelcio 


59.2 ± 1.3 


2.5 ± 0.04 


n=45 






p-value 


0.176 


<0.0001 




TheGelc247 i 


mmunoconjug; 



12.7+1-1 3.3 ±0.3 32.9 ±1-1 
<0.0001 0.303 <0-0001 
, was found to have a and 0 half fives of 



toe potaa were exctadrf ftom «*J"* ^ 
h^^up* a*ociaed n>dio**va, .« to SDS-PAGB 8* 
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stability data, the clearance of the Gel^ immunoconj ugate was intermediate between 
those of the Gel^o and Gel^ immunoconj ugates. 

Based on these studies, the Gelc© analog conjugated to H65 antibody 
has greater in vivo stability than the Gel^ and Gel^ analogs conjugated to H65 
5 antibody (as determined by the longer mean residence time and clearance rates), 
although the properties of the Gel^ immunoconjugate more closely resembled those 
of the Gelco immunoconjugate than the Gel^ immunoconjugate. 
Pharmacokinetics of Conjugates to H65 Antibody Fragments 

The pharmacokinetics of Gel^ and Gel^ analogs linked to human 
10 engineered H65 Fab fragments were also investigated in rats. An IV bolus of 0.1 
mg/kg of 125 l-labelled hel H65 Fab-Gel^, he2 H65 Fab-Gel^ or he3 H65 Fab- 
Gelow was administered to male Sprague-Dawley rats weighing 150-180 grams. 
Serum samples were collected at 3, 5, 15, 20, 30, and 40 minutes, and 1, 1.5, 3, 6, 
8, 18, 24, 32, 48, and 72 hours, and were analyzed by ELISA using rabbit anti- 
15 Gelonin antibody as the. capture antibody and biotin-labelled goat anti-human kappa 
light chain antibody as the secondary antibody. Results of the analysis are presented 
in Table 8 below. In the table, the standard error for each value is shown, and IC 
is the immunoconjugate, n is the number of animals in the study, Vc is the central 
volume of distribution, Vss is the steady state volume of distribution, CI is the 
10 clearance, MRT is the total body mean residence time, Alpha is the a half-life and 
Beta is the 0 half-life of the indicated conjugate. 

Table 8 

IC Vc Vss CI MRT Alpha Beta 

(ml/kg) (ml/hr/kg) (ml/hr/kg) (hours) (hours) (hours) 

5 helGeW 4S±3 133 ± 7 62 ± 3 2.1 ± 0.1 033 ± 0.03 3.0 fixed 
n=27 

he2 Geio* 54 ± 5 141 ± 8 53 ± 3 2.7 ± 0.2 0.37 ± 0.04 3.1 fixed 
n=28 

h^Gel^ 77 ±6 140 ± 20 57 ± 3 2.5 ± 0.4 0.58 ± 0.11 3.0 ± l.C£. 



X 20 



PCT/US92/«*»' 

WO93/09130 

-58- 

O-Kkk.kMM tephanuacoldneacsof hel 
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^ ^^m^^an^a^*^^ 1 ™ 
ten deleted by me EUSA assay, and suggest mat recp,bomam« gelonu, may be 

25 much less immunogenic in animals than is ETA. 
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Table9 



Cycle 


H65-RTA 


H65-RTA30 


H65-rGeI 


Prebleed 


100 


100 


100 


Cycle 1 


168 


117 


100 


Cycle 2 


4208 


1008 


100 


Cycle 3 


7468 


3586 


100 


Cycle 4 


5707 


3936 


100 


Cyde5 


4042 


2505 


100 



Example 9 

10 A human peripheral blood lymphocyte (PBL)-reconstituted, severe 

combined immunodeficient mouse model was utilized to evaluate the in vivo efficacy 
of various immunoconjugates comprising the gelonin analogs Gel^ and Gel^. 
Immunoconjugates were tested for the capacity to deplete human blood cells 
expressing the CDS antigen. 
15 Human PBL Donors and Cell Isolation 

Human peripheral blood cells were obtained from lymphapheresis 
samples (HemaCaie Corporation, Sherman Oaks, CA) or venous blood samples 
(Stanford University Blood Bank, Palo Alto, CA) collected from healthy donors. 
Blood cells were enriched for PBLs using Ficoll-Hypaque density gradient 
20 centrifugation (Ficoll-PaqueP; Pharmacia, Piscataway, New Jersey) and subsequently 
washed 4 times with PBS. Residual erythrocytes were lysed with RBC lysing buffer 
(16 ftM ammonium chloride, 1 mM potassium bicaifronate, 12.5 fiM EDTA) during 
the second wash. Cell viability in the final suspension was >95% as assessed by 
trypan blue dye exclusion. 
25 Animals and Human PBL Transfer 

CB.17 scid/ scid (SCID) mice were purchased from Taconic 
(Germantown, New York) or were bred under sterile conditions in a specific 
pathogen-free animal facility (original breeding pairs were obtained from Hana 
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Nunc, BosUde, ue °™™V^ ^ San todsco.Califo^.* goat 

axeman Igs <?ago, Jnc, Bndmgame, cam ' Ms4wffimd 
Hates were blocked for 2 noors at room temperature with 1% BSA inTns 
TT7 5fTBSD and to incrn^ a. 3TC for 1 hour wnt standards or 

w-j* HND1 anti-melanoma; XOMA Corporation, Berkeley, 
monoclonal mouse IgG2a (IND1 ana m _ f T - msso ^ 

Califoxma) and polyclonal human Ig (Sigma Chemical Co., St louts ~ 
^ ^ . . - th TBs/Tween 20 and incubated at 37 C for 1 

normal BALB/c mouse nonnal BALB/c mice did not have 

0 c plasma samples from naive SOD mice w 
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FlvtHo-seven week ok. mice with low phama levels «f mouse « . 
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at 200 mg/kg. Two days later, they were injected i.p. with 25-40 x 10 6 freshly- 
isolated human PBL suspended in 0.8 ml PBS. 
Immunoconjugate Treatment 

SOD mice were bled at approximately 2 weeks after human PBL 
5 transplantation. Mice with undetectable < 10 pM or low plasma levels of human sIL- 
2R were eliminated from the study. The cut-off for exclusion of mice with 
detectable, but low, levels of human sEL-2R was empirically determined for each 
study and was generally 20 pM. The remaining mice were divided into groups and 
were administered vehicle or immunoconjugate as an L v. bolus (0.2 mg/kg) daily for 
10 5 consecutive days. Animals were sacrificed 1 day after cessation of treatment for 
quantitation of human T cells in tissues and human sEL-2R in plasma. 
Collection of Tissues and Analysis of PBL Depletion 

Blood was collected from the retro-orbital sinus into heparinized tubes. 
Mice were then killed by cervical dislocation and spleens were removed aseptically. 
15 Single cell suspensions of splenocytes were prepared in HBSS by pressing the spleens 
between the frosted ends of sterile glass microscope slides. Collected cells were 
washed twice with PBS. Erythrocytes were eliminated from blood and splenocyte 
suspensions using RBC lysing buffer. Subsequently, cells were resuspended in PBS 
for enumeration. Recovered cells were then assayed for Ag expression using flow 
20 cytometry. 

Two to five hundred thousand cells in 100 jd of PBS/1 % BSA/0. 1 % 
sodium azide were incubated on ice for 30 min. with saturating amounts of various 
FTTC- or phycoerythrin (PE)-conjugated Abs (Becton-Dickinson, Mountain View, 
CA) Abs used for staining included: HLe-l-HTC (IgGl anti-CD45), Leu 2-FTTC 

25 (IgGl anti-CD8), Leu 3 PE (IgGl anti-CD4), and Leu M3-PE (IgG2a anti-CD 14). 
Cells were then washed in cold buffer and fixed in 0.37% formaldehyde in PBS. 
Samples were analyzed on a FACscan (Becton-Dickinson) using log amplifiers. 
Regions to quantify positive cells were set based on staining of cells obtained from 
naive SCID mice. The absolute numbers of human Ag-positive cells recovered from 

JO SCID tissues were determined by multiplying the percent positive cells by the total 
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^ofons™.^^^^. Ttetoralnunu^offcu^ 
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005% An araiMcal comparison be^ teralmra. g«H^ ^ made osmg foe 
5 Manu-mnney U test Tteatma* gsoups wese detesmined te be aigmficann, 
aiffi^t fom buffer control frmups when me p valne »as <0.05. Resuhsme 
in Wte 10 betow, whemin + indicates a aigmflcm. raftaence fiom 

LtiXHS.-todicatesaaiusigmfi^^^ 
• ^ CDSltoCXOMACotporation.B^ 

e^c.nyunWtelffAandraaporinve.orutoL 0H9 ra a negate 

com^inununoconjngate. Tte^annl^CEnn^CdlectionofAmmalC* 

antibodv tbat does not cross react with 
Cultures #84112012) is a mouse anti-rat CD5 anuDooy una 
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Table 10 

j^tArficle Human T Cell Depletion 

fl pleen Blood 



10 



15 



CDS Plus + 

cH65F(ab')2 " 
\ cH65Fab« 

\ n H65-rGEL + + 



25 




cBSSVQto'h-TGet + + 

cH65 Fab'-iGel + + 

cH65F(ab')2-GeW + OT 

cH65 Fab'-GeW + + 

helH65Fab'-GeW + m 

cH65 Fab'-GeU + + 
OX19 Fab-GeW 

were capable of depleting human cells in the mouse 
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Example 10 

Nine genetic constructs were assembled that each included a natural 
sequence gelonin gene fused to an H65 truncated heavy chain gene (Fd) or an H65 
light chain gene (kappa). The H65 Fd sequence consists of the nucleotides encoding 
5 the murine H65 heavy chain variable (V), joining (J) and human IgG lf constant (C) 
domain 1 regions. The DNA sequences of the V and J regions of the H65 Fd and 
kappa fragment genes linked to the pel B leader can be obtained from GenBank (Los 
Alamos National Laboratories, Los Alamos, New Mexico) under Accession Nos. 
M90468 and M90467, respectively. Four of the gene fusions included a gelonin gene 
10 linked at the 5* aid of an H65 Fab fragment gene while the other four included an 
gelonin gene linked at the 3' end of an H65 Fab fragment gene. A DNA linker 
encoding a peptide segment of the E. coli shiga-like toxin (SLT) (SEQ ID NO: 58), 
which contains two cysteine residues participating in a disulfide bond and forming a 
loop that includes a protease sensitive amino acid sequence) or of rabbit muscle 
15 aldolase (RMA) (SEQ ID NO: 59), which contains several potential cathepsin 
cleavage sites) was inserted between the gelonin gene and the antibody gene in the 
constructs. Alternatively, a direct fusion was made between a gelonin gene and an 
H65 Fab fragment gene without a peptide linker segment Table 11 below sets out 
a descriptive name of each gene fusion and indicates the expression plasmid 
20 containing the gene fusion. Each plasmid also includes the Fab fragment gene (shown 
in parentheses in Table 11) with which each particular gene fusion was co-expressed. 
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Table 11 


Plasmid 


TT^. * ■ ■ 1 ■ nil 


pING3754 


Gefonin::SLi.~ra {xappaj 


pING3757 




pING3759 




pING3758 


,r-f t _*__-_T>^#" A •*lr*»TVf\0 I Mill 

Gelonin: :KMA. ,Kappa ^ru; 


pING4406 


Fd: : SLT: : (jeionin \Kappdj 


pING4407 


kappa::SLT::Gelonin (Fo) 


pING4408 


Fd: JIMA: :Gelonin (kappa) 


pING4410 


kappa: :RMA: :Gdonio (Fd) 


pING3334 


Gdonin::Fd (kappa) 



) 



\ 



t**~* «f fieloni- at fee rat^l-Terminm of Antibody Genes 
(1) ra-cTT-firinmnfrarwO 

A gelonin gene fusion to the 3'-end of the H65 Fd chain with the 23 
15 amino acid SLT linker sequence was assembled in a three piece ligation from 
plasmids pVKl, pING3731 (ATCC 68721) and pMG4000. Plasmid P VK1 contains 
the Fd gene linked in-frame to the SLT linker sequence; pMG3731 contains the 
gelonin gene, and P ING4000 contains the H65 kappa and Fd genes each linked to the 
peffi leader sequence under the control of the aiaB promoter as a dicis^c message. 

Plasmid pVKl was designed to link the 3 '-end of a human IgG Fd, 
constant region in-frame to a pmtease-sensitive segment of the SLT geneboundedby 
two cysteine residues which form an intra-chain disulfide bond. The SLT gene 
segment (20 amino acids from SLT bounded by cysteine residues, plus three amino 
aridsmtroducedto 
25 Linker 1 and SLT Linker 2. 



20 
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SLT Linker 1 (SEQ ID NO: 75) 

5' TGTCATCATCATGCATCGCGAGTTGCCAGAATGGCATCT 

GATGAGTITCCTTCTATGTGCGCAAGTACTC 3' 

SLT Linker 2 (SEQ ID NO: 76) 
5 5' TCGAGAGTACTTGCGCACATAGAAGGAAACTCATCAGAT 

GCCATTCTGGCAACTCGCGATGCATGATGATGACATGCA 3' 
Hie two oligonucleotides were annealed and ligated into a vector containing PstI and 
Xhol cohesive ends, destroying the PstI site and maintaining the Xhol site. Hie 
vector, pING3185, contained an engineered Pst I site at the 3 '-end of the Fd gene, 
10 and contained an Xhol site downstream of the Fd gene. The product of this ligation, 
pVKl, contained the H65 Fd gene (fused to the pelB leader) in frame with the SLT 
linker segment, and contained two restriction sites, Fspl and Seal, at the 3 '-end of the 
SLT linker. 

Plasmid pVKl was digested with Saul and Seal, and the 217 bp 
15 fragment containing a portion of the Fd constant domain and the entire SLT gene 
segment was purified by electrophoresis on an agarose gel. pING3731 was digested 
with Smal and Xhol and the 760 bp gelonin gene was similarly purified. Plasmid 
pING4000 was digested with Saul and Xhol and the vector segment containing the 
entire kappa gene and a portion of the Fd gene was also purified. Ligation of these 
\ 20 three DNA fragments resulted in pING4406 containing the Fd::SLT::Gelonin (kappa) 
gene fusion vector. 

(2) ka ppa: :SLT::Gelonin (Fd) 

A gelonin gene fusion to the 3'-end of the H65 kappa chain with the 
25 amino acid SLT linker sequence (20 amino acids from SLT bounded by cysteine 
25 residues, plus 5 amino acids introduced to facilitate cloning) was assembled from the 
DNA segments in pING3731 (ATCC 68721) and pING3713. 

Plasmid pING3713 is an Fab expression vector where the H65 Fd and 
kappa genes are linked in a dicistronic transcription unit containing the SLT linker 
segment cloned in-frame at the 3*-end of the kappa gene. The plasmid was 
30 constructed as follows. In a source plamid containing the H65 Fd and kappa genes r 
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an EagI site was positioned at the 3-end of the kappa gene by site directed 
mutagenesis without altering the encoded amino acid sequence. The SLT gene 
segment from pVKl was amplified with primers SLT-EagI-5 ■ and Sail for in frame 
linkage to the EagI site at the 3*-end of the kappa gene. 
5 " SLT-Eag-5' (SEQK>NO:77) 

5- TGTTCGGCCGCATGTCATCATCATGCATCG 3' 

Sail (SEQIDNO :78) 
5' AGTCATGCOCCGCGC 3' 
The 140 bp PCR product was digested with EagI and Xhol, and the 75 bp fragment 
containing the SLT gene segment was cloned adjacent to the Fd and kappa genes in 

the source plasmid to generate pING3713. 

For construction of gene fusion to gelonin, pING3713 was cut with 
Seal and Xhol, and the vector fiagment containing the Fd gene and kappa::SLT 
fusion was purified. pING3731 was digested with Smal and Xhol and the DNA 
fragment containing the gelonin gene was also purified. The product of the ligation 
of these two fragments, P ING4407, contains the Fd and kappa; :SLT:: gelonin genes. 
(3) TM-KMA::^ ""'" ffappa^ 

A gelonin gene fusion to the 3'-end of the H65 Fd chain with the 21 
amino acid RMA linker sequence (20 amino acids from RMA, plus 1 amino acid 

20 introduced to facilitate cloning) was assembled in a three piece ligation from plasmids 
pSH4, plNG3731 (ATCC 68721) and pING4000. 

Plasmid pSH4 contains an Fd gene linked in frame to the RMA linker 
sequence. The RMA gene segment was linked to the 3 '-end of Fd by overlap 
extension PCR as follows. The 3--end (constant region) of the Fd gene was amplified 

25 by PCR from a source plasmid with the primers KBA^2 and RMAG-1. AnyFd 
constant region may be used because constant regions of all human IgG, antibodies 
are identical. 
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KBA-72 (SEQIDNO:79) 

5' TCCCGGCTGTCCTACAGT 3* 

RMAG-1 (SEQ ID NO: 80) 

5' TCCAGCCTGTCCAGATGGTGTGTGAGTTTTGTCACAA 3' 
5 The product of this reaction was mixed with primer RMA-76, which annealed to the 
amplified product of the first reaction, and the mixture was amplified with primers 
KBA-72 and RMAK-2. 

RMA-76 (SEQ ID NO: 81) 

5' CTAACTCGAGAGTACTGTATGCATGGTTCGAGATGAACA 
10 AAGATTCTGAGGCTGCAGCTCCAGCCTGTCCAGATGG 3' 

RMAK-2 (SEQ ID NO: 82) 
5* CTAACTCGAGAGTACTGTAT 3* 
The PCR product contained a portion of the Fd constant region linked in-frame to the 
RMA gene segment. The product also contained a Seal restriction site useful for in- 
15 frame fusion to a protein such as gelonin, and an Xhol site for subsequent cloning. 
This PCR product was cut with Saul and Xhol and ligated adjacent to the remainder 
of the Fd gene to generate pSH4. 

For assembly of the gene fusion vector containing the 
Fd::RMA::Gelonin, kappa genes, pSH4 was cut with Saul and Seal and the Fd::RMA 
20 segment was purified. Plasmid pING3731 was cut with Smal and Xhol and the 760 
bp DNA fragment containing the gelonin gene was purified, and pING4000 was cut 
with Saul and Xhol and the vector was purified. The product of the ligation of these 
fragments, pING4408, contained the Fd::RMA::Gelonin and kappa genes. 
(4) kappa::RMA::Gelonin (Fd) 
25 A gelonin gene fusion to the 3'-end of the H65 kappa chain with the 

21 amino acid RMA linker sequence was assembled in a three piece ligation from 
plasmids pSH6, pING4408 (see the foregoing paragraph) and pING3713. 

Plasmid pSH6 contains a kappa gene linked in-frame to the RMA^ 
linker sequence. The RMA gene segment was linked to the 3'-end of kappa by 
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ovedap extension PGR as follow, Tte 3«-end (constant region) * * 

w^lifiedbyPCRf^ 

RMAK-1 (SEQIDNO:83) 

5- TCCAGCCKm:CAGATGGACACTCTCCCCTGTrGAA 3' 

5 KBA-K2 (SEQIDNO:84) 

5' GTACAGTGGAAGGTGGAT 3* 

^ ^ of this -W - »— ^ 10 8,)> 

' amplified with primcra KBA-K2 and RMAK-2 (SEQ ID NO. 82). ^product 

^«**|*■^w-'*« < '<-' ,,, ™* b ''" l,, 

gene to generate pSH6. 

For assembly of the gene fusion vector contaimng tho 

^BMAttGelonin and Fd genes, pSH6 was cut with Hindni and Pa* and the 
^A^enteon^^^^tr^andaportonofn^^ 

(the PsSPMA linker segment contain* a Pad site) segment was punfied. Plasmtd 
PING4408 was cut with Pstl and Sail and me DNA fiagment containing a segment 

tameveca.rsegmentwaapnrifled. pmfflTBwasanwimSanandHmdmandte 
veao rwaspurn1ed.TlteP«od»c t ofu K l^ 
contained the tapi>a::EMA::CMonin and Fd genes, 
gkgjoag of pe^fi at the WwvtennimT g ^ f qTlrihnd Y P CTes 

(i) r l fi<Tii;;ft'Tr- R i M 

A geloom gene fusion to the 5'-end of the H65 Fd chain with a 25 
amino acid SLT linker sequence (20 amino acids fiom SLT bounded by cystine 
ptas five amino adds imroduceu to (acuta* domng) was assembled nt a 
^ piece ligation from pbsmids pING3748, UNG3217, aud , PCR fragment 
30 encoding the H65 gamma variable region (V,) gene aegment which is the vanable 
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region of the Fd gene in pING3217. Plasmid pING3748 contains the gelonin gene 
linked in-frame to the SLT linker sequence, and pING3217 contains the H65 Fd and 
kappa genes in a dicistronic transcription unit. 

Plasmid pING3825 (see Example 2) was amplified with PGR primers 
5 gelo3 *-Eag and gelo-9 to introduce an EagI restriction site at the 3 '-end of the gelonin 
gene by PCR mutagenesis. 

gdo3'-Eag (SEQ ID NO: 85) 

5' CATGCGGCCGATTTAGGATCTTTATCGACGA 3' 
Hie PCR product was cut with Bell and EagI and the 56 bp DNA fragment was 
10 purified. Plasmid pING3713 was cut with EagI and Xhol, and the 77 bp DNA 
fragment containing the SLT linker was purified. The 56 bp Bell to EagI fragment 
and the 77 bp EagI to Xhol fragment were ligated into pING3825 which had been 
digested with Bell and Xhol to generate pING3748 which contains the gelonin gene 
linked in-frame to the SLT linker sequence. 
15 For assembly of the gene fusion vector containing the 

Gelonin: :SLT::Fd and kappa genes, the H65 V H was amplified by PCR from 
pING3217 with primers H65-G1 and H65-G2, and the product was treated with T4 
polymerase followed by digestion with NdeL 
H65-G1 (SEQ ID NO: 86) 
20 5' AACATCCAGTTGGTGCAGTCTG 3' 

H65-G2 (SEQ ID NO: 87) 
5' GAGGAGACGGTGACCGTGGT 3 * 
The 176 bp fragment containing the 5'-end of the H65 heavy chain V-region was 
purified. Concurrently, pING3217 was digested with Ndel and Xhol, and the 1307 
25 bp DNA fragment containing a portion of the Fd gene and all of the kappa gene was 
purified. The two fragments were ligated to pING3748 which had been digested with 
Seal and Xhol in a three piece ligation yielding pING3754 (ATCC 69102), which 
contains the Gelonin: :SLT::Fd and kappa genes. 
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(2) ^rin pinrtSLT- frW* 

A gdonin gene fusion to the 5 '-end of the H65 kappa chain with the 
25 amino add SLT linker sequence was assembled in a three piece ligation from 
plasmids pMG3748 (see the foregoing section), pING4000, and a PGR fragment 
5 encoding the H65 kappa variable region (VJ gene segment 

For assembly of the gene fusion vector containing the 
Gelonin::SLT:iappaandFd genes, anH65 V t fragment was amplified by PCR from 
PMG3217 with primers H65-K1 and JKHEndHI, and the product was treated with 
' T4 polymerase followed by digestion with HindHI. 
10 H65-K1 (SEQIDNO:88) 

5* GACATCAAGATGACCCAGT 3' 

JKI-Hmdin (SEQ ID NO: 89) 
5* GTTTGATTTCAAGCTTGGTGC 3* 
The 306 bp fragment containing the light chain V-region was purified. Concurrently, 
!5 pING4000 was digested with Hindm and Xhol, and the 1 179 bp DNA fragment 
containing the kappa constant region and all of the Fd gene was purified. The two 
fragments were ligated to pING3748 which had been digested with Seal and Xhol m 
a three piece ligation yielding pING3757, which contains the Gelonin::SLT::kappa 
x and Fd genes. 

\ 20 (3) ^™™--R MA " Fd flaoPa^ 

A gdonin gene fusion to the 5'-end of the H65 Fd chain with the 24 
amino acid RMA linker sequence (20 amino acids from RMA, plus 4 amino adds 
introduced to facilitate cloning) was assembled in a three piece ligation from plasmids 
PMG3755, pING3217, and a PCR fragment encoding the H65 V H gene segment 
25 Plasmid P ING3755 contains the gdonin gene linked in-frame to the RMA linker 
sequence, and pING3217 contains the H65 Fd and kappa genes in a didstronic 

transcription unit. 

Plasmid pING3755 was assembled to contain the gelonin gene linked / 

to the RMA linker gene segment The RMA linker gene segment was amplified by 

30 PCR from pSH4 with primers RMA-EagI and fflNDHI-2. 
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RMA-EagI (SEQ ID NO: 90) 

5' ACTTCGGCCGCACCATCTGGACAGGCTGGAG 3' 
HINDin-2 (SEQ ID NO: 91) 
5* CGTTAGCAATTTAACTGTGAT 3' 
5 The 198 bp PCR product was cut with EagI and Hindm, and the resulting 153 bp 
DNA fragment was purified. This RMA gene segment was cloned adjacent to 
gelonin using an Psfl to EagI fragment from pING3748 and the PstI to Hindin vector 
fragment from pING3825. The product of this three piece ligation was pING3755. 

For assembly of the gene fusion vector containing the 
10 Gelonin: :RMA: :Fd, kappa genes, the H65 V H was amplified by PCR from pING3217 
with primers H65-G1 (SEQ ID NO: 86) and H65-G2 (SEQ ID NO: 87), and the 
product was treated with T4 polymerase followed by digestion with NdeL The 186 
bp fragment containing the 5 '-end of the heavy chain V-region was purified. 
Concurrently, pING32I7 was digested with Ndel and Xhol, and the 1307 bp DNA 
15 fragment containing a portion of the Fd gene and all of the kappa gene was purified. 
These two fragments were ligated to pING3755 which had been digested with Seal 
and Xhol in a three piece ligation yielding pING3759 (ATCC 69104), which contains 
the Gelonin : : RMA : : Fd and kappa genes. 

(4) Gelonin: :RMA::kappa (Fd) 

A gelonin gene fusion to the 5'-end of the H65 kappa chain with the 
24 amino acid RMA linker sequence was assembled in a three piece ligation from 
plasmids pING3755, pING4000, and a PCR fragment encoding the H65 V L gene 
segment. 

For assembly of the gene fusion vector containing the 
Gelonin: :RM A : : kappa and Fd genes, an H65 V L segment was amplified by PCR from 
pING3217 with primers H65K-1 (SEQ ID NO: 88) and JKl-Hindm (SEQ ID NO: 
89), and the product was treated with T4 polymerase followed by digestion with 
HindlH. The 306 bp fragment containing the 5'-end of the light chain V-region was^ 
purified. Concurrently, pING4000 was digested with Hindm and Xhol, and the 1 179 
bp DNA fragment containing the kappa constant region and all of the Fd gene was 
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ZtL «, Shot in a — piece ngadon ^ I™*™ < ATCC e »° 3 >- 

(5) fjfHi'inW SawS 
, A direct gdoata geoe fusion was constructed iron, pD«S754. . 

prNc^M was digest «k and Xh* and dr. vector segment was punfied 
Conchy. ^03754 was digested with EagI, treated with T4 p« 
Iw-^^*— ^ pm^wasaisocutw*. 
• p^a.^andd.eWand^l-segn.en.wasperified. Q 

din** gene fusion of gdonin to Fd in associadon with a kappa gene. 
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Each of the eight gelonin gene fusions whose construction is described 
iaExa^ple 10 was caressed within 

15 coli strain E104. , - 

~~ Expression products of the gene fusions we* detected » the 

a^ernaant of induced cnton* by EUSA. TvpicaHy, a piate was c^ wdh 
ZZ, receg^g ^ Culture supernatant was applied and bound a ^ W *^ 
deB c,ed widt antibody recognizing hunan kappa copied . iKKsesadrsh p«oxsd*e. 
HoS^ftag^d.nncanyeoajt^u.ge^wnsusedas^ndard. Alfcrnabve 

^oriim.lvingade^s^wid.and^Fdmberdta.and-nuntan^ 
■iddedsiniaartesuus. Only prcpedy assembled taion prctein anttaitdng getann, 
tappa and Fd was daecsed by this assay. Onassochued chains were not defccfcd. 

The fusion prctein pntdueed fiom induced crdtores eontannng 

^ 20-50 ng/od. The fusion pronto expressed upon indue**, of ,m<33754, 
3334 3758and3759(b»t»ot,mG3757)we re ex P ^aln»K*higherk»eU ( at 

aJlOOtoSOOng/nd. A fusion protein of about 70,000 Kd was detected in die 



6NSOOOO:<WO 9309130A1 I > 



WO 93/09130 PCT/US92/09487 

-73- 

concentrated E. coli culture supernatant by immunostaining of Western blots with 
either anti-human kappa or anti-gelonin antibodies. 

The Gelonin::SLT::Fd (kappa) fusion protein from pING3754 (ATCC 
69102) was purified from induced 10 L fermentation broth. The 10 L fermentation 
5 broth was concentrated and buffer exchanged into lOmM phosphate buffer at pH 7,0, 
using an S10Y10 cartridge (Amicon) and a DC10 concentrator. The supernatant was 
purified by passing the concentrated supernatant through a DE52 column (20 x 5 cm) 
equilibrated with 10 mM sodium phosphate buffer at pH 7.0. The flow-through was 
then further purified and concentrated by column chromatography on CM52 (5 x 10 
10 cm) in 10 mM phosphate buffer. A 0 - 0.2 M linear gradient of NaCl was used to 
the elute the fusion protein, and fractions containing the fusion protein were pooled 
and loaded onto a Protein G column (1ml). The fusion protein was eluted from 
protein G with 0.2 M glycine. The Gelonin::RMA::Fd (kappa) and 
Gelonin : : RMA : : kappa (Fd) fusions proteins were purified from fermentation broths 
15 by similar methods except that the CM52 column step was eliminated, and the DE52 
column was equilabrated with lOOmM sodium phosphate buffer at pH 7.0. The 
fusion proteins were not purified to homogeneity. 

Each of the three purified fusion proteins was then assayed for activity 
in the RLA assay and for cytotoxicity against the T-cell line HSB2. (T cells express 
20 the CDS antigen which is recognized by H65 antibody.) The RLA assay was 
performed as described in Example 4 and results of the assay are presented below in 
Table 12. 

Table 12 

Fusion Protein 
25 rGelonin 

Geionin::SLT::Fd (kappa) 
Gelonin: :RMA::Fd (kappa) 
Gelonin: :RMA: :kappa (Fd) 



IC50(pM> 

11 

19 

28 

10 
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cefl cytotoxicity assays perfonned as descpbed in Exaznple 6, thefusion 



H65. liable 13 ^ir— - — •** d-l,, "* lD 
the amount of fusion protein in each sample. 



Table 13 
ICjoCpMT) 

heSFab-GeW 165 
Gelonin:SLT::Fd + k 180 
Gelonin::RMA::Fd + k 150 

V**** pro** *— — — * " N^™™ 1 * 1 ^ 
(data not shown). 



f!FM Cells 
173 
1007 
nt 



Tbe nauffll sequence gelonin gene «as also feed * a stogie chain 
ta „ rhe hun,an «gtoeere4 he3 H65 variable reg*, gelooin gene ~ 

was positioned between the gelonin and antibody domaiaa to allow intracellular 
A ^eenainantibcJ,(t^)*™offtehe3H65vanabledomam 
^assembfcd tan previously consbncred genes. This seAb segment enlisted of 

^v-i»*.-»««***^«"* e,i * 4io ' , -" v 1 r; , 

, segment of tbe other obain (beavy or Ugb.) via a 15 annuo acid flea* pephde. 
KC^Se*. ^p^toid^toWdeacdbedin^et^I^. = 
AcadSdUSA, 85. 5879-5883 (1988); Gtocksbober etaL, BactaBSSy, 29, 1362- , 

Z LI to- orient H^WW^ 10 N <* 921 
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aud V-Ja^rrKGly^Serl-V-Jbpp, (SEQ ID NO: 93). Each scAb segment was 
assembled and subsequently fused to gelonin. 

For assembly of the scAb segment V-J taw ,::£(Gly) 4 Ser] 3 ::V-J 0-nm ., 
primers HUK-7 and SCFV-1 were used to amplify a 352 bp DNA fragment 
5 containing the he3 V/J kappa sequences from pING4627 by PGR in a reaction 
containing 10 mM KC1, 20 mM TRIS pH 8.8, 10 mM (NH^Oa, 2mM MgSO*, 
0.1% Triton X-100., 100 ng/ml BSA, 200 uM of each dNTP, and 2 Units of Vent 
polymerase (New England Biolabs, Beverley, Massachusetts) in a total volume of 100 
Ml. 

10 SCFV-1 (SEQD>NO:94) 

5* CGGACCCACCTCCACCAGATCCACCGC 

CACCTiTCATCTCAAGCTTGGTGC 3' 

HUK-7 (SEQ ID NO: 95) 

5' GACATCCAGATGACTCAGT 3' 
15 Concurrently, primers SCFV-2 and SCFV-3 were used to amplify a he3 heavy chain 
V/J gamma segment from pING4623, generating a 400 bp fragment. 

SCFV-2 (SEQ ID NO: 96) 

5* GGTGGAGGTGGGTCCGGAGGTGGAGGATCTGA 

GATCCAGTTGGTGCAGT 3' 
20 SCFV-3 (SEQ ID NO: 97) 

5' TGTACTCGAGCCCATCATGAGGAGACGGTGACCGT 3' 
The products from these reactions were mixed and amplified with the outside primers 
HUK-7 and SCFV-3. The product of this reaction was treated with T4 polymerase 
and then cut with Xhol. The resulting 728 bp fragment was then purified by 
25 electrophoresis on an agarose gel. This fragment was ligated into the vectors 
pING3755 and pING3748 (see Example 10), each digested with Seal and Xhol. The 
resulting vectors pING4637 and pING4412 contain the Gelonin::RMA::scab V- 
W-KGlykSerjj^V-Jo,^ and Gelonin::SLT::scAb V-J taw .::[(Gly)4Ser] 3 ::V-J c 
fusion genes respectively. 
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Simflarly, the scAb V-W^y^^-W ™» ^ bled b * 
a^cation of P ING4627 with primers SCFV-5 and SCFV-6 generating a 367 bp 
fragment containing he3 V/J kappa sequences, 

SCFV-5 (SEQIDNO:98) 

5' GGTGGAGGTGGGTCCGGAGGTGGAGGATCT 3' 
SCFV-6 (SEQ ID NO: 99) 

5. TGTACrcGAGCCCATCATTTCATOXlAAGC^ 3* 
and pMG4623 with primers H65-G3 and SCFV-4 generating a 385 bp fragment 
containing he3 gamma V/J sequences by PGR with Vent polymerase. 

H65-G3 (SEQ ID NO: 100) 

5' GAGATCCAGTTGGTGCAGTCTG 3* 

SCFV-4 (SEQ ID NO: 101) 

5- CGGACCCACCTCCACCAGATCC 

ACCGCCACCTGAGGAGACGGTGACXIGT 3' 

Theprcductsfrommeser^^ 

6 The 737 bp product was treated with T4 polymerase and cut with Xhol. Ligation 
into PING3755 and pING3748 (digested with Seal and Xhol) results in assembly of 

W:[(Gly)^::V-W &sk>n genes, respectively. 

GelonimiscAb fusions without a cleavable linker can be constructed by 
deletion of the SLT linker in pING4412 using ^restriction enzymes EagI and Fspl. 
Digestion at these sites and religation of the plasmid results in an in-frame deletion 
of the SLT sequence. 

TRAMPLE 13 

BRIP possesses characteristics which make it an attractive candidate for 
a component of inmunotoxins. BRIP is a naturally ^glycosylated protein that may 
have reduced uptake in the liver and enhanced circulatory residence tmiemyryo. 
Additionally, BRIP is less toxic and less immunogenic in animals than the A-chain 
ofririn. ™— ' f *- TOTP "™ and exoression of recombinant BMP in an R_coU 
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expression system obviates the need to purify native BRIP directly from barley, and 
enables the development of analogs of BRIP which may be conjugated with an 
available cysteine residue for conjugation to antibodies. 
Purification of BRIP and Generation 
5 of Polyclonal Antibodies to BRIP 

Native BRIP was purified from pearled barley flour. Four kilograms 
of flour was extracted with 16 liters of extraction buffer (10 mM NaP04, 25 mM 
NaCl, pH 7.2) for 20 hours at 4*C. The sediment was removed by centrifiigation, 
and 200 ml of packed S-Sepharose (Pharmacia, Piscataway, New Jersey) was added 
to absorb BRIP. After mixing for 20 hours at 4*C, the resin was allowed to settle 
out, rinsed several times with extraction buffer and then packed into a 2.6 x 40 cm 
column. Once packed, the column was washed with extraction buffer (150 ml/h) 
until the absorbance of the effluent approached zero. BRIP was then eluted with a 
linear gradient of 0.025 to 0.3 M NaCl in extraction buffer and 5 ml fractions were 
collected. BRIP-containing peaks (identified by Western analysis of column fractions) 
were pooled, concentrated to about 20 ml, and then chromatographed on a 2.6 x 100 
cm Sephacryl S-200HR (Pharmacia) column equilibrated in 10 mM NaP0 4 , 125 mM 
NaCl, pH 7.4 (10 ml/hr). BRIP-containing peaks were pooled again, concentrated, 
and stored at -70*C. 

The resulting purified BRIP protein had a molecular weight of about 
30,000 Daltons, based upon the mobility of Coomassie-stained protein bands 
following SDS-PAGE. The amino acid composition was consistent with that 
published by Asano et al., Carlsberg Res. Comm., 49, 619-626 (1984). 

Rabbits were immunized with purified BRIP to generate polyclonal 

antisera. 

Cloning of the BRIP Gene 

A cDNA expression library prepared from germinating barley seeds in 
the phage X expression vector XZAPII was purchased from Stratagene, La Jolla, CA. 
Approximately 700,000 phage plaques were screened with anti-BRIP polyclonal 
antisera and 6 immunoreactive plaques were identified. One plaque was chosen, and 
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LrtM- Kocbentical, Cfevdand, Ohio). The DNA sequence of fee B2 ^ tt ~ 
BRIP gene is set out ia SEQ ID NO: 12. To conJinn that cDNA encoded the native 

BRIP protein was detected in IPTG-indoced cells transformed with the ptasnud by 
Western analysis with above^soibed mbttt anfl^ antisera. 

• -u~t* r rvmlair 'ir "T BRTP "c" 5 m , 

Badey cDNA containing the BMP geoe was linked to a pelB leader 

s ^^plac^nndercc^rf»^pn»no«in.*^«^^ 

An intermediate vector containing the BMP gene linked to die BStB 

ieaderseooeocewasgeoerated. PbsmidpBSl was c* with MM* *» 

Bean Nuclease, cn« win, BamHI and the 760 bp fragment » «-> 

site was introduced downstieain of the 3'-end of the BRIP gene in pBSl by 
3n,plincanon wira a pUClg vector primer «MW * the Reversed Pnmerso^by 
NEB or BRL but synthesized on a Cyclone Model 8400 DNA synthesizer) and the 
^epdtnerBRJPa'Xho. Tneseouenceof eaebof theprimers issetoutbefow. 
I Reverse (SEQ n> NO: 45) 

5* AACAGCtATGACCATG 3' 

BRIP 3'Xho (SEQ ID NO: 46) 

5- TGAACTCGAGGAAAACTACCTATTTCCCAC 3' 
Primer BRIP 3'Xho iacludes a portion corresponding to the last 8 bp of the BRIP 
5 gene me ternunation ccxion and several base pairs dowiaStreamof^ BRIP gene, and 
aaadtftionalporuon^ ™ e 
PCR reaction product was digested with BamHI and Xhol, and an 87 bp fragment 
containing the 3'-end of the BRIP gene was purified on a 5% acrylamide geL The 

to me pelB leader sequence. pINGlSOO had previously been cut with SstI, treated 
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with T4 polymerase, cut with Xhol, and purified. The DNA sequence at the junction 
of the pelB leader and the S'-end of the BRIP gene was verified by DNA sequence 
analysis. TTiis vector was denoted pING3321-L 

The final expression vector was assembled by placing the BRIP gene 
under the control of the inducible araB promoter. Plasmid pING3321-l was cut with 
PstI and Xhol, and the BRIP gene linked to the pe]B leader was purified from an 
agarose gel. The expression vector pING3217, containing the araB promoter, was 
cut with PstI and Xhol and ligated to the BRIP gene. The expression vector was 
denoted pING3322. 

Arabinose induction of E. coli cells containing the plasmid pING3322 
in a fermenter resulted in the production of about 100 mg per liter of recombinant 
BRIP. R coli- produced BRIP displays properties identical to BRIP purified directly 
from barley seeds. 
Construction of BRIP Analogs 
With a Free Cysteine Residue 

The BRIP protein contains no cysteine residues, and therefore contains 
no residues directly available which may form a disulfide linkage to antibodies or 
other proteins. Analogs of recombinant BRIP were generated which contain a free 
cysteine residue near the C-terminus of the protein. Three residues of the BRIP 
protein were targets for amino acid substitutions. Comparison of the amino acid 
sequence of BRIP to the known tertiary structure of the ricin A-chain (see FIG. 2) 
suggested that the three positions would be available near the surface of the molecule. 
The three BRIP analogs include cysteines substituted in place of serine^, alanine^ 
and leucine^ of the native protein, and were designated BMP^, BRIPc^ and 
BREP C256r respectively. 

(1) A plasmid vector capable of expressing the BRD^^ analog was 
constructed by replacing the 3 '-aid of the BRIP gene with a DNA segment conferring 
the amino acid change. The EcoRI fragment containing the BRIP gene from pBSl 
was subcloned into M13mpl8, and single-stranded DNA (anti-sense strand) was 
amplified by PCR with primers OBM2 (corresponding nucleotides -11 to +8 of the 
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BRIP gene) and OMB4 (conesponding to amino adds 264-280 of BMP and tfae 
tenninafion codon of BWP, and incorporating die substitution ofa cysteine codon for 
tfae native codonforserine^ of native BRIP). II. sequences of primers OBM2 and ^ 
OMB4, wherein the underlined nucleotides encode the substituted cysteine, are set out 
J below. 

OBM2 (SEQIDNO:47) 

5' GCATTACATCCATGGCGGC 3* 

OMB4(SEQIDNO:48) 

5' GATATCTCGAGTrAACTATTTCCCACCACACG q 
CATGGAACAGCTCCAGCGCCTTGGCCACCGTC 3' 
A fragment containing a BR1P gene in which the codon for the amino acid at position 
277 was changed to a cysteine codon was amplified. The fragment was cloned into 
the Smal site of P UC19 (BRL) and the plasmid generated was denoted pMB22. 
P MB22 was digested with EcoBI and an EcoBI-XhoI linker (Qonetech, Palo Alto, 
CA) was ligated into thevector. Subsequent digestion with Xhol and reUgation 
generated vector pINGMB2X. A Bamffl to Xhol fragment encoding the 3 '-end of 
BBJP with the altered amino acid was excised from P MB2X and the fragment was 
purffiedona5%acrylamidegel. This fragment along with an EcoRI to BamHI 
fragment containing the pdB leader sequence and sequences encoding the first 256 
amino acids of BR1P were substitutedin a three piece ligation intopING3322 cut with ^ 
EcoRI and Xhol. The resulting vector containing the BRIP^ analog was designated 

pING3803 (ATCC Accession No. 68722). 

(2) ABRIPandogwimafiwcystemeatposffion256 

using PGR to introduce die amino acid substitution. A portion of the expression 
plasmid plNG3322 was amplified with primers BRIP-256 and ffiNDHI-2. The 
sequence of each primer is set out below. 

BRIP-256 (SEQ ID NO: 49) 

5' TGTCTGTTCGTGGAGGTGCCG 3' ; " 

HtNDDl-2 (SEQ E> NO: 50) 
5' CGTTAGCAATTTAACTGTGAT 3" 
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Nucleotides 4-21 of primer BRIP-256 encode amino acids 256-262 of BRIP while the 
underlined nucleotides specify the cysteine to be substituted for the leucine at the 
corresponding position of the native BRIP protein. Primer HINDIII-2 corresponds 
to a portion of the plasmid. The PCR product, which encodes the carboxyl terminal 
5 portion of the BRIP analog, was treated with T4 polymerase, cut with Xhol, and the 
resulting fragment was purified on a 5% acrylamide geL Concurrently, plasmid 
pING3322 was cut with BamHI, treated with T4 polymerase, cut with EcoRI, and the 
fragment containing the pelB leader sequence and sequences encoding the first 256 
amino acids of BRIP was purified. The two fragments were then assembled back into 
10 pING3322 to generate the gene encoding the analog BRIPq^. This plasmid is 
denoted pING380L 

(3) A BRIP analog with a cysteine at position 270 was also generated 
using PCR. A portion of the expression plasmid pING3322 was amplified with 
primers BRCP-270 and the HINDIII-2 primer (SEQ ID NO: 50). The sequence of 
15 primer BRIP-270 is set out below. 

BRIP-270 (SEQ ID NO: 51) 
5* CCAAGTGTCTGGAGCTGTTCCATGCGA 3* 
Primer BRIP-270 corresponds to amino acids 268-276 of BRIP with the exception of 
residue 270. The codon of the primer corresponding to position 270 specifies a 
20 cysteine instead of the alanine present in the corresponding position in native BRIP. 
The PCR product was treated with T4 polymerase, cut with Xhol, and the 51 bp 
fragment, which encodes the carboxyl terminal portion of the analog, was purified on 
a 5% acrylamide gel. The fragment (corresponding to amino acids 268-276 of 
BRIPczro) was cloned in a three piece ligation along with the internal 151 bp BRIP 
restriction fragment from Sstn to MscI (corresponding to BRIP amino acids 217-267) 
from plasmid pING3322, and restriction fragment from Sstn to Xhol from pING3322 
containing the remainder of the BRIP gene. The plasmid generated contains the gene 
encoding the BRIP^ analog and is designated pING3802. 
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Pitrirtrarinn of P^nmhinant BRIP 

ant! the BMP Analogs 

Recombinant BMP (rBRIP) and the BMP analogs with free cysteine ? 

residues were purified essentially as described for native BMP except they were 
5 prersuedfromomcent^ For rBMP, concentrated broth from 

a 10 liter fermentation batch was exchanged into 10 mMTris, 20 mMNaQ pH 7.5, 
loaded onto a Sephacryl S-200 column, and eluted with a 20 to 500 mM NaCl linear 
gradient Pooled rBMP was further purified on a Blue Toyopearl* column 
• ^soHaas)Ioadedm20riM Q 

10 lOmM Tris, pH 7.5. For BMP analogs, concentrated fermentation broths were 
loaded onto a CM52 column (Whatman) in 10 mM phosphate buffer, pH 7.5, and 
eluted with a 0 to 0 3M NaCl linear gradient. Further purification was by 
chromatography on a Blue Toyopearl® column. 
Ttftrienlocvte T .ysate Assay 

!5 The ability of the rBMP and the BMP analogs to inhibit protein 

synthesis in vitro was tested by reticulocyte lysate assay as described in Example 1 . 
Serial log dilutions of standard toxin (RTA 30), native BMP, rBMP and BMP 
analogs were tested over a range of l^g/nd to lpg/ml. By comparison with an 
uninhibited sample, the picomolar concentration of toxin (pM) which corresponds to 
\o 5 0%inmT>ffionofprote^ Theresuits of the assays ^ 

are presented below in Table 14. 

Table 14 
Toxin ICsofoM) 
RTA 30 3.1 



25 



Native BMP 15 

rBMP 18 

BMPoss 23 

BMPcno 20 

BMPcot 24 



BNSOoaa<yvo 930913oai i > 



WO 93/09130 PCT/US92/09487 

-83- 

The RLA results indicate that the BRIP analogs exhibit ribosome- 
inactivating activity comparable to that of the recombinant and native BRIP toxin. 
All the analogs retained the natural ability of native BRIP to inhibit protein synthesis, 
suggesting that amino acid substitution at these positions does not affect protein 
folding and activity. 

Construction of BRIP Immunoconjugates 

Immunoconj ugates of native BRIP with 4A2 (described in Morishima 
et aL, J, Immunol- 129, 1091 (1982) and H65 antibody (obtained from hybridoma 
ATCC HB9286) which recognize theT-cell determinants CD7 and CDS, respectively, 
were constructed. Immunoconjugates of ricin A-chains (RTAs) with 4A2 and H65 
antibody were constructed as controls. The H65 antibody and ricin A-chains as well 
as the RTA immunoconjugates were prepared and purified according to methods 
described in U.S. Patent Application Serial No. 07/306,433 supra and in International 
Publication No. WO 89/06968. 

To prepareimmunoconjugates of native BRIP, both the antibody (4A2 
or H65) and native BRIP were chemically modified with the hindered linker 5-methyl- 
2-iminothiolane (M2IT) at lysine residues to introduce a reactive sulfhydryl group as 
described in Goff et aL, Bioconiugate Chem. . 1, 381-386 (1990). BRIP (3 mg/ml) 
was first incubated with 0.5 mM M2IT and 1 mM DTNB in 25 mM triethanolamine, 
150 mM NaCl, pH 8.0, for 3 hours at 25 # C. The derivitized BRIP-(142n>S-S-TNB 
was then desalted on a column of Sephadex GF-05LS and the number of thiol groups 
introduced was quantitated by the addition of 0. 1 mM DTT. On average, each BRIP 
molecule contained 0.7 SH/mol. 

4A2 or H65 antibody (4 mg/ml) in triethanolamine buffer was similarly 
incubated with M2IT (0.3 mM) and DTNB (1 mM) for 3 hours at 25*C. Antibody- 
(M2IT)-S-S-TNB was then desalted and the TNB:antibody ratio was determined. To 
prepare the conjugate, the BRIP-(M2n>S-S-TNB was first reduced to BRIP-(M2II> 
SH by treatment with 0.5 mM DTT for 1 hour at 25*C, desalted by gel filtration of ; 
Sephadex® GF-05LS to remove the reducing agent, and then mixed with antibody- 
(M2n>S-S-TNB. 
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FoUo winga3 hour incubation at 25X, and an additional 18 hours at 
4-C the conjugate was purified by sequential chromatography on AcA44 (IBF) and 
BtaeToyopead*. Samples of the final product were ran on 5% non-reducing SDS 
PAGE, Coomassie stained, and scanned with a Shimadzu laser densitometer to 
5 quantitate the number of toxins per antibody. 

The BRIP analogs containing a ftee cysteine were also conjugated to 
4A2 and H65 antibodies. The analogs were treated with 50 mM DTT either for 2 
hours at 25-C or for 18 hours at 4X to expose the reactive sulfhydryl group of the 
• cysteineanddesalted. i* P m~«*tm«M~^*'^** 
10 DTNB [EUman et aL, Arrh Biochem. Bigfe 82, 70-77 (1959)], 4A2 or H65 
antibody derivarized as described above with M2TT was incubated with the reduced 
BRIP analogs at a ratio of 1:5 at room temperature for 3 hours and then overnight at 
4-C Immunoconjugates HEBREW 4A2-BREW H65-BREW were prepared 
in 25 mM triethanolamine, 150 mM NaCl P H 8, while immunoconjugates H65- 
15 BPJP^,4A2-BP ffc2ro and4A2-BPJP«,wereprep^ 

150 mM Nad pH 7.5. Following conjugation, 10 ^ mexcaptc.thylamine was 
added for 15 minutes at 25'C to quenched any unreacted m21T linkers on the 
antibody The quenched reaction solution was promptly loaded onto a gel filtration 
column (ACA44) to remove unconjugated rmosome-inactivating protein. Purification 
was completedusmg soft gdaf^^ 

ameu^sinfilartolfcowto S "**° r 
the final product were run on 5% non-reduced SDS PAGE, Coomassie stained, and 
scanned with a Shimadzu laser densitometer to quantitate the number of toxins per 
antibody The conjugation efficiency was substantially greater for BRE^ (78%) 

25 tnantodtherbfte^ 

about 10%). Additionally, the BPJPcztz product was a polyconjugate, Le., several 
BRIP molecules conjugated to a single antibody, in contrast to the BPJP^ and 
BRIPc256 products which were monooonjugates. 
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Whole Cell Kill Assay 

Immunoconjugates of native BRIP and of the BRIP analogs were tested 
for tiie ability to inhibit protein synthesis in HSB2 cells by the whole cell kill assay 
described in Example 1. Standard immunoconjugates H65-RTA (H65 derivatized 
5 with SPDP linked to RTA) and 4MRTA (4A2 antibody derivatized with M2IT linked 
to RTA) and BRIP immunoconjugate samples were diluted with RPMI without leucine 
at half-log concentrations ranging from 2000 to 0.632 ng/mL All dilutions were 
added in triplicate to microtiter plates containing 1 x 10 5 HSB2 cells, HSB2 plates 
were incubated for 20 hours at 37X and then pulsed with ^-Leu for 4 hours before 
10 harvesting. Samples were counted on the Inotec Trace 96 cascade ionization counter. 
By comparison with an untreated sample, the picomolar toxin concentration (pM T) 
of immunoconjugate which resulted in a 50% inhibition of protein synthesis (IQq) 
was calculated. The assay results are presented below in Table 15. 



Table 15 



15 



Conjugate 


IC^pMT) 


4A2-BRIP 


122.45 


4A2-BRIPO70 


46.3 


4A2-BRIP C277 


57.5 


4A2-BMPQ* 


1116 


H65-BRIP 


>5000 


H65-BRB?c277 


1176 



The BRIP analog conjugates were less potent than the ricin conjugate 
control (data not shown). The immunotoxins containing antibody 4A2 and either the 
BRIPoto or the BRIP^ analog exhibited comparable to increased specific 
cytotoxicity toward target cells as compared to immunotoxin containing native BRIP. 
While 4A2-BRIP C256 is less active than 4A2-BRIP, 4A2-BRIPCTO and 4A2-BRIPC377 
are between 3 and 4 times more active. Similarly, the immunoconjugate of H65 to 
BRIPaTy shows greater toxicity toward target cells than the immunoconjugate of H65 
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to native BRIP. Tbus, linkage of antibody to BRIP derivatives which have an 
available cysteine residue in an appropriate location results in immunotodns wUh 
enhanced specific toxicity toward target cells relative to conjugates with nativeBRIP. 

T>iciTfiHftBon ff Stability. A ssa Y 

Immunoconjugates prepared with native BRIP and the BRIP analogs 

were examined by the disulfide bond stability assay described in Example 1. Briefly, 
conjugates were incubated with mcreasing concentrations of glutathione for 1 hour at 
37-C and, after terminating the reaction with iodoocetamide, the amount of MP 
leased was quantitated by seclusion HPLC on a TosoHaas TSK-G2000SW 
column. 

By comparisons with the amount of RIP released by high 
concentrations of 2-mercaptoethanol (to determine 100% release), the concentration 
of glutathione required to release 50% of the RIP (the RC*) was calculated. As 
shown below in Table 16, the conjugates prepared with BRIP^o or BRB?^ were 
sigaificantiy more stable than either the RTA conjugates or those prepared with native 

BPJP- 



Table 16 



Conjugate 


g C ;o (mM) 


H65-RTA 


7.0 


H65-BRIP 


2.8 


H65-BRBPC277 


196.0 


4A2-RTA 


4.4 


4A2-BPJP 


3.3 


4A2-BPJPcrio 


53.0 


4A2-BRB?ctn 


187.0 



These unexpected results suggest that conjugates prepared with Type I RIP analogs 
according to the present invention may have enhanced stability and efficacy in W 
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EX AMPLE 14 

Plants of the genus Momordica produce a number of related proteins 
known as momordins or momorcharins which are Type I RIPs. The gene encoding 
momordin II was cloned from Momordica balsamina seeds. 
5 Preparation of M. balsamina RNA 

Total RNA was prepared from 4 g of M. balsamina seeds as described 
in Ausubel et al., supra. PolyA containing RNA was prepared from 1 mg of total 
RNA by chromatography on oligo«(dT)-cellulose. 40 mg of oligo-(dT>^elluloseType 
7 (Pharmacia) was added to 0.1 N NaOH and poured into a disposable column 
10 (Biorad). The column was washed with water until the eluate was pH 5.5, and then 
was washed with IX loading buffer (50 mM NaCitrate, 0.5M NaCl, 1 mM EDTA, 
0.1% SDS, pH 7.0) until the eluate was pH 7,0. 1 mg of total RNA was suspended 
in 300 pi of water, heated to 65X for 5 minutes, and 300 /d of 2X loading buffer 
was added (100 mM Na Citrate, 1M NaCl, 2 mM EDTA, and 0.2% SDS). The 
RNA was loaded onto the column, and the flow through was reheated to 65 *C, 
cooled to room temperature, and reloaded onto the column. Column-bound mRNA 
was washed 5 times with 0.5 ml of IX loading buffer, and two times with 0.5 ml of 
0.05M NaCitrate, 0.1 M NaCl, 1 mM EDTA, 0.1 % SDS. PolyA- containing RNA 
was eluted two times from the column with 0.5 ml of 25 mM NaCitrate, 1 mM 
EDTA, and 0.05% SDS. 
library Preparation 

A cDNA library from the polyA-containing M. balsamina RNA was 
prepared in a bacterial expression plasmid with the Superscript Plasmid System 
(BRL, Gaithersburg, Maryland), The cDNA was synthesized from 2 fig of poly A- 
containing RNA, size fractionated, digested with NotI, and ligated into the expression 
vector pSPORT as recommended by the manufacturer of the vector, BRL. 
Cloning of the Momordin II Gene 

A DNA fragment encoding the first 27 amino acids of momordin II ; 
was amplified from M. balsamina cDNA by PCR. First strand cDNA was prepared 
from 100 ng of polyA containing RNA with an RNA-PCR Kit (Perkin Elmer Cetus). 
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TwopartiaUydegenerateprimers were synthesized based on the amino acid sequence 
of the first 27 amino acids of momordin II described in li et aL , ^penenfia, 36, 
524-527(1980). Because the amino acid sequence of amino acids 1-27 of momordin 
H is 52 % homologous to amino adds 1-17 of momordin I flHb et aL, BBA, 1088, 
5 311-314 (1991)1, some codon assignments in the degenerate primers were based on 
homology to the conesr*^ aiidno acid as ^ as codon pre^ce m the 
m0 mordinIgene. The sequences of primers momo-3 and momo^ are set out below 
using IDPAC nucleotide symbols. 

momo-3 (SEQ ID NO: 52) 

5 . GATGTTAAYTTYGAYTTGTCNACDGCTAC 3' 
momo-4 (SEQ ID NO: 53) 

5' ATTGGNAGDOTAGCCCTRAARTCYTCDAT 3' 
The resulting 81 bp PCR product was purified on a 5% acrylamide gel and cloned 
into thermal site of P UC18. Three candidate clones were sequenced, and one clone, 
15 pMOHO, was identified which encoded the N-terminal 27 amino acids of momordin 

n. 

A hybridization probe was designed for screening of the momordin n 
cDNA Hbrary based on the sequence of the pMOllO momordin H DNA fragment 
The sequence of the primer momo-5 is shown below. 
N 20 momo-5 (SEQ ID NO: 54) 

5* acchrrnrb a * A a rY^Af*AnA a aatttattga y 

Primer momo-5 corresponds to amino acids 9-18 of mature momordin II. The 
underlined nucleotides of the primer were expected to match the DNA sequence of 
the momordin H gene exactly. Since this sequence is highly A/T-rich and may 
25 hybridize to the momordinll gene weakly, the addffional adjacent nucleotides were 
included in the primer. Bases 3 and 30 (overiined) were in the -wobble" position 
(Le., the third nucleotide in a codon) of amino acids 9 (alanine) and 18 fisoleucine), 
respectively, of momordin H and may not be identical to the nucleotide bases in the 
native gene. 
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A 90,000 member cDNA library in pSPORT was screened with 32 P- 
Idnased momo-5, and eight potential candidate clones were identified. One clone, 
pING3619, was sequenced and contains an open reading frame corresponding in part 
to the expected N-terminal 27 residues of Momordin IL The complete momordin 
5 gene contains 286 amino acids, the first 23 of which are a presumed leader signal 
(mature momordin II is 263 residues). The DNA sequence of the momordin II gene 
is set out in SEQ ID NO: 13. 
Construction of an Expression Vector 
Containing the Momordin II Gene 
10 A bacterial expression vector for the momordin II gene was 

constructed. Two PGR primers were synthesized, one (momo-9) which primes from 
the +1 residue of the mature momordin n amino acid sequence, and one at the C- 
terminus (momo-10) of momordin II which introduces an Xhol restriction site: 
momo-9 (SEQ ID NO: 55) 
5' GATGTTAACTTCGATTTGTCGA 3* 
momo-10 (SEQ ID NO: 56) 

5' TCAACTCGAGGTACTCAATTCACAACAGATTCC 3 f 
pING3619 was amplified with momo-9 and momo-10, and the product was treated 
with T4 polymerase, cut with Xhol, and purified on an agarose gel. This gene 
fragment was ligated along with the 131 bp pelB leader fragment from plClOO which 
has been generated by SstI digestion, T4-poiymerase treatment, and EcoRI digestion, 
into the araB expression vector cleaved with EcoRI and XhoL The product of this 
three piece ligation was sequenced to verify that the pelB junction and momordin n 
coding sequence were correct. Arabinose induction of cells containing the momordin 
II expression plasmid pING3621 results in production of momordin II in E. colL 
Analogs of Mormordin II 

Mormordin II has no natural cysteines available for conjugation to 
antibody. Analogs of momordin which have a free cysteine for conjugation to an 
antibody may be constructed. Positions likely to be appropriate for substitution of a 
cysteine residue may be identified from Figure 3 as positions near the ricin A-chain 



PCT/US92/09487 

WO 93/09130 

-90- 

cysteine^ and as positions including the last 26 amino acids of momordm n that are 
accessible to solvent For example, the arginine at position 242 of momordxn n 
aligns with the ricin A-chain cysteine at position 259 and is a preferred target for 
substitution. Additional preferred substitution positions for momcmfin H include the 
> serine at position 241 and the alanine at position243. 

While the present invention has been described in terms of preferred 
embodiments, it is understood that variations and irnprovernents will occur to those 
sMUedinthearL Therefore, it is intended that the appended claims cover all snch 
• equivalent variations which come within the scope of the invention as claimed. 



* 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION? 

(i) APPLICANT: Bernhard, Susan L- 
Better, Marc D * 
Carroll, Stephen F» 
Lane, Julie A. 
Lei, Shau-Ping 

(ii) TITLE OF INVENTION: Materials Comprising and Methods of 

Preparation and Use for Ribo some -Inactivating Proteins 

(iii) NUMBER OF SEQUENCES: 101 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Marshall, O'Toole, Gerstein, Murray & 

Bicknell 

(B) STREET: Two First National Plaza, 20 South Clark 

Street 

(C) CITY: Chicago 

(D) STATE: Illinois 

(E) COUNTRY: USA 

(F) ZIP: 60603 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC— DOS /MS —DOS 

(D) SOFTWARE: Patentln Release #1-0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
<B) FILING DATE: 
(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/901,707 

(B) FILING DATE: 19-JUN-1992 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/787,567 
<B) FILING DATE: 04-NOV-1991 

(viii) ATTORNEY / AGENT INFORMATION: 

(A) NAME: Noland, Greta E. 

(B) REGISTRATION NUMBER: 35302 

(C) REFERENCE /DOCKET NUMBER: 31133 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (312) 346-5750 

(B) TELEFAX: (312) 984-9740 

(C) TELEX: 25-3856 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 267 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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<xi> SEQUENCE DESCRIPTION: SBQ ID HQs Is 

He Asn Phe Xhr Xhr Ala Gly Ala 
10 15 

He Arg Ala Val Arg Gly Arg Leu 
25 30 

Glu He Pro Val Leu Pro Asn Arg 
45 



60 



\ 



He 
1 


Phe 


Pro 


Lys 


Gin 
5 


Tyr 


Pro 


He 


Thr 


Val 


Gin 


Ser 
20 


Tyr 


Thr 


Asn 


Phe 


Thr 


Thr 


Gly 
35 


Ala 


Asp 


Val 


Arg 


His 
40 


Val 


Gly 

5U 


Leu 


Pro 


He 


Asn 


Gin 
55 


Arg 


His 
65 


Ala 


Glu 


Leu 


Ser 


Val 
70 


Thr 


Leu 


Val 


Val 


Gly 


Tyr 


Arg 
85 


Ala 


Gly 


Asn 


Asn 


Gin 


Glu 


Asp 
Xuu 


Ala 


Glu 


Ala 


He 


Asn 


Arg 


Tyr 
115 


Thr 


Phe 


Ala 


Phe 


Gly 
120 


Leu 


Ala 
130 


Gly 


Asn 


Leu 


Arg 


Glu 
135 


Asn 


Glu 
145 


Glu 


Ala 


He 


Ser 


Ala 
150 


Leu 


Tyr 


Leu 


Pro 


Thr 


Leu 


Ala 
165 


Arg 


Ser 


Phe 


Glu 


Ala 


Ala 


Arg 

low 


Phe 


Gin 


Tyr 


He 


Arg 


Tyr 


Asn 
195 


Arg 


Arg 


Ser 


Ala 


Pro 


Asn 


Ser 
210 


Trp 


Gly 


Arg 


Leu 


Ser 
215 


Thr 


Ala 
225 


Phe 


Ala 


Ser 


Pro 


He 
230 


Gin 


Leu 


Ser 


Val 


Tyr 


Asp 


Val 
245 


Ser 


He 


Leu 


Tyr 


Arg 


Cys 


Ala 
260 


Pro 


Pro 


Pro 


Ser 



Ala Leu Asp Val Thr Asn Ala Tyr 



75 80 



90 

Thr His 
105 



140 



^ — — ~ 160 

He He Cys lie Gin Met lie Ser 
170 175 



185 190 



220 



235 240 



250 

Ser Gin 
265 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH r 251 amino acids 

(B) TXPEi amino acid 
(D) TOPOLOGY z linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

Gly Leu Asp Thr Val Ser Phe Ser Thr Lys Gly Ala Thr Tyr He Thr 
15 10 15 

Tyr Val Asn Phe Leu Asn Glu Leu Arg Val Lys Leu Lys Pro Glu Gly 
20 25 30 

Asn Ser His Gly He Pro Leu Leu Arg Lys Lys Cys Asp Asp Pro Gly 
35 40 45 

Lys Cys Phe Val Leu Val Ala Leu Ser Asn Asp Asn Gly Gin Leu Ala 
50 55 60 

Glu He Ala He Asp Val Thr Ser Val Tyr Val Val Gly Tyr Gin Val 
^5 70 75 80 

Arg Asn Arg Ser Tyr Phe Phe Lys Asp Ala Pro Asp Ala Ala Tyr Glu 
85 90 95 

Gly Leu Phe Lys Asn Thr He Lys Thr Arg Leu His Phe Gly Gly Thr 
100 105 HO 

Tyr Pro Ser Leu Glu Gly Glu Lys Ala Tyr Arg Glu Thr Thr Asp Leu 
115 120 125 

Gly lie Glu Pro Leu Arg He Gly He Lys Lys Leu Asp Glu Asn Ala 
130 135 140 

He Asp Asn Tyr Lys Pro Thr Glu He Ala Ser Ser Leu Leu Val Val 
145 150 155 160 

He Gin Met Val Ser Glu Ala Ala Arg Phe Thr Phe He Glu Asn Gin 
165 170 175 

He Arg Asn Asn Phe Gin Gin Arg He Arg Pro Ala Asn Asn Thr He 
180 185 190 

Ser Leu Glu Asn Lys Trp Gly Lys Leu Ser Phe Gin He Arg Thr Ser 
195 200 205 

Gly Ala Asn Gly Met Phe Ser Glu Ala Val Glu Leu Glu Arg Ala Asn 
210 215 220 

Gly Lys Lys Tyr Tyr Val Thr Ala Val Asp Gin Val Lys Pro Lys He 
225 230 235 240 

Ala Leu Leu Lys Phe Val Asp Lys Asp Pro Lys 
245 250 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 280 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Ala Lys Met Ala Lys Asn Val Asp Lys Pro Leu Phe Thr Ala Thr 
15 10 15 
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Phe Asn Val Gin Ala Ser Ser Ala Asp Tyr Ala Thr Phe lie Ala Gly 

20 Z3 
lie Arg Aan Lys Leu Arg Asn Pro Ala His Phe Ser His Asn Arg Pro 
35 

Val Leu Pro Pro Val Glu Pro Asn Val Pro Pro Ser Arg Trp Phe His 



\ 



50 55 

Val Val Lea Lys Ala ser Pro Thr Ser Ala Gly Leu Thr Leu Ala lie 
65 70 75 

Arg Ala Asp Asn lie Tyr Leu Glu Gly Phe Lys Ser Ser Asp Gly Thr 



85 9° 
Trp Xrp Glu Leu Thr Pro Gly Leu lie Pro Gly Ala Thr Tyr Val Gly 

100 10S 
Phe Gly Gly Thr Tyr Arg Asp Leu Leu Gly Asp Thr Asp Lys Leu Thr 

115 120 
Asn val Ala Leu Gly Arg Gin Gin Leu Ala Asp Ala Val Thr Ala Leu 

130 135 
His Gly Arg Thr Lys Ala Asp Lys Ala Ser Gly Pro Lys Gin Gin Gin 
145 150 



Ala Arg Glu Ala Val Thr Thr Leu Val Leu Met Val Asn Glu Ala Thr 



165 



Arg Phe Gin Thr Val Ser Gly Phe Val Ala Gly Leu Leu His Fro Lys 

Ala Val Glu Lys Lys Ser Gly Lys He Gly Asn Glu Het Lys Ala Gin 

195 200 
Val Asn Gly Trp Gin Asp Leu Ser Ala Ala Leu Leu Lys Thr Asp Val 



Lys Pro Pro Pro Gly Lys Ser Pro Ala Lys Phe Ala Pro He Glu Lys 
225 230 



Met 



Gly Val Arg Thr Ala Glu Gin Ala Ala Asn Thr Leu Gly lie Leu 



245 



Leu Phe Val Glu Val Pro Gly Gly Leu Thr Val Ala Lys Ala Leu Glu 
260 265 Z 

Leu Phe His Ala Ser Gly Gly Lys 
275 280 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH r 263 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xij SEQUENCE DESCRIPTION: SEQ ID NO:4 

t; 

10 



Asp Val Asn Phe Asp Leu Ser Thr Ala Thr Ala Lys Thr Tyr Thr Lys 



i 
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Phe He Glu Asp Phe Arg Ala Thr Leu Pro Phe Ser His Lys Val Tyr 
20 25 30 

Asp He Pro Leu Leu Tyr Ser Thr He Ser Asp Ser Arg Arg Phe He 
35 40 45 

Leu Leu Asp Leu Thr Ser Tyr Ala Tyr Glu Thr He Ser Val Ala lie 
50 55 60 

Asp Val Thr Asn Val Tyr Val Val Ala Tyr Arg Thr Arg Asp Val Ser 
65 70 75 80 

Tyr Phe Phe Lys Glu Ser Pro Pro Glu Ala Tyr Asn He Leu Phe Lys 
85 90 95 

Gly Thr Arg Lys He Thr Leu Pro Tyr Thr Gly Asn Tyr Glu Asn Leu 
100 105 110 

* Gin Thr Ala Ala His Lys He Arg Glu Asn He Asp Leu Gly Leu Pro 
115 120 125 

Ala Leu Ser Ser Ala He Thr Thr Leu Phe Tyr Tyr Asn Ala Gin Ser 
130 135 140 

Ala Pro Ser Ala Leu Leu Val Leu He Gin Thr Thr Ala Glu Ala Ala 
145 150 155 160 

Arg Phe Lys Tyr He Glu Arg His Val Ala Lys Tyr Val Ala Thr Asn 
165 170 175 

Phe Lys Pro Asn Leu Ala He He Ser Leu Glu Asn Gin Trp Ser Ala 
180 185 190 

Leu Ser Lys Gin He Phe Leu Ala Gin Asn Gin Gly Gly Lys Phe Arg 
195 200 205 

Asn Pro Val Asp Leu He Lys Pro Thr Gly Glu Arg Phe Gin Val Thr 
210 215 220 

Asn Val Asp Ser Asp Val Val Lys Gly Asn He Lys Leu Leu Leu Asn 
225 230 235 240 

Ser Arg Ala Ser Thr Ala Asp Glu Asn Phe He Thr Thr Met Thr Leu 
245 250 2S5 

Leu Gly Glu Ser Val Val Asn 
260 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 248 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Asp Val Arg Phe Ser Leu Ser Gly Ser Ser Ser Thr Ser Tyr Ser Lys 
1 5 10 15 

Phe He Gly Asp Leu Arg Lys Ala Leu Pro Ser Asn Gly Thr Val Tyr 
20 25 30 
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Asn Leu Tnr lie Leu Leu Ser Ser Ala Ser Gly Ala Ser Arg Tyr Thr 
35 40 



Leu Met Thr Leu Ser Asn Tyr Asp Gly Lys Ala lie Thr Val Ala Val 
50 55 

, * Tifl M#»t civ Tvr Leu Val Asn Ser Thr Ser 

Asp Val Ser Gin Leu Tyr lie Met exy ry^ 80 

65 70 75 

Tyr Fhe Phe Asn Glu Ser Asp Ala Lys Leu Ala Ser Gin Tyr Val Phe 
85 

Lys Gly Ser Thr lie Val Thr Leu Pro Tyr Ser Gly Asa Tyr Glu Lys 

Leu Gin Thr Ala Ala Gly Lys lie Arg Glu Lys He Pro Leu Gly Phe 
115 120 
• Pro Ala Leu Asp Ser Ala Leu Thr Thr He Phe His Tyr Asp Ser Thr 



130 

Ala 

145 ' ISO 

Tyr 
165 

Asn Gin val Pro Ser uea 190 

180 « 5 

ser Ala Leu Ser Lys Gin He Gin Leu Ala Gin Thr Asn Asn Gly Thr 



Ala Ala Ala Ala Ala Phe Leu Val He Leu Gin Thr Thr Ala Glu Ala 

ser Arg Phe Lys Tyr He Glu Gly Gin He He Glu Arg He Ser Lys 

Gin val Pro Ser Leu Ala Thr He Ser Leu Glu Asn Ser Leu Trp 
180 185 



195 



Phe Lys Thr Pro Val Val lie Thr Asp Asp Lys Gly Gin Arg Val Glu 

lie Thr Asn Val Thr Ser Lys Val Val Thr Lys Asn He Gin Leu Leu 
225 



230 235 



\ 



0 



Leu Asn Tyr Lys Gin Asn Val Ala 
245 

(2) INFORMATION FOR SEQ ID NO: 6: 5 ^ 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 255 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: ^ 

Asp Val Ser Phe Arg Lea Ser Gly Ala Thr Ser Ser Ser Tyr Gly Val 
! 5 10 " 

Phe He Ser Asn Leu Arg Lys Ala Leu Pro Asn Glu Arg Lys Leu Tyr 
20 25 *° 

Asp Leu Pro Leu He Arg Ser Ser Leu Pro Gly Ser Gin Arg Tyr Ala 

He He His Leu Thr Asn Tyr Ala Asp Glu Val Ala Leu Asp Val Thr 
50 55 *<> 
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Aan Val Asp Ala Gly Leu Pro Arg Asn Ala Val Leu Tyr lie Met Gly 
65 70 75 80 

Tyr Arg Ala Gly Asp Thr Ser Tyr Phe Phe Asn Glu Ala Ser Ala Thr 
85 90 95 

Glu Ala Ala Lys Tyr Val Phe Lys Asp Ala Met Arg Lys Val Thr Leu 
100 105 110 

Pro Tyr Ser Gly Asn Tyr Glu Arg Leu Gin Thr Ala Ala Gly Gly Leu 
115 120 125 

Arg Glu Asn He Pro Leu Gly Leu Pro Ala Leu Asp Ser Ala He Thr 
130 135 140 

Thr Leu Phe Tyr Tyr Asn Ala Asn Ser Ala Ala Ser Ala Leu Met Val 
145 150 155 160 

* Leu lie Gin Ser Thr Ser Glu Ala Ala Arg Tyr Lys Phe He Glu Gin 
165 170 175 

Gin He Gly Ser Arg Val Asp Lys Thr Phe Leu Pro Ser Leu Ala He 
180 185 190 

He Ser Leu Glu Asn Ser Leu Trp Leu Ala Leu Ser Lys Gin lie Gin 
195 200 205 

He Ala Ser Thr Asn Asn Gly Glu Phe Glu Thr Pro Val Val Leu He 
210 215 220 

Asn Ala Gin Asn Gin Arg Val Thr He Thr Asn Val Asp Ala Gly Val 
225 2a0 235 240 

Val Thr Ser Asn He Ala Leu Leu Leu Asn Arg Asn Asn Met Ala 
245 250 255 

(2) INFORMATION FOR SEQ ID NO: 7: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 263 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Asp Val Ser Phe Arg Leu Ser Gly Ala Asp Pro Arg Ser Tyr Gly Met 
1 5 10 15 

Phe He Lys Asp Leu Arg Asn Ala Leu Pro Phe Arg Glu Lys Val Tyr 
20 25 30 

Asn lie Pro Leu Leu Leu Pro Ser Val Ser Gly Ala Gly Arg Tyr Leu 
35 40 45 

Leu Met His Leu Phe Asn Tyr Asp Gly Lys Thr lie Thr Val Ala Val 
50 55 60 

Asp Val Thr Asn Val Tyr He Met Gly Tyr Leu Ala Asp Thr Thr Ser 
65 70 75 80 

Tyr Phe Phe Asn Glu Pro Ala Ala Glu Leu Ala Ser Gin Tyr Val Phe 
85 90 95 
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Arg Asp Ala Arg Arg Lys He Thr ,eu Pro Tyr Ser Gly Jen Tyr Glu 

100 AU3 
Arg Leu Gin He Ala Ala Gly Lys Pro Arg Glu Lys lie Pro He Gly 



115 



, Bm Q „ Ala Tie Ser Thr Leu Leu His Tyr Asp Ser 

Leu Pro Ala Leu Asp Ser Ala ixe aet x*^ 14Q 



130 



Thr Ala Ala Ala Gly Ala I- Leu Val Leu lie Gin Thr Thr Ala Glu 
145 150 155 

Ala Ala Arg Phe Lys Tyr He Glu Gin Gin He Gin Glu Arg Ala Tyr 
165 

Arg Asp Glu val Pro Ser Leu Ala Thr He Ser Leu Glu Asn Ser Trp 

ser Gly Leu Ser Lys Gin He Gin Leu Ala Gin Gly Asn Asn Gly He 

195 200 %J 

Phe Arg Thr Pro He Val Leu Val Asp Asn Lys Gly Asn Arg Val Gin 

210 215 
He Thr Asn Val Thr Ser Lys Val Val Thr Ser Asn lie Gin Leu Leu 



225 



230 



\ 



L eu Asn Thr Arg Asn He Ala Glu Gly Asp Asn Gly Asp Val Ser Thr 
245 250 

Thr His Gly Phe Ser Ser Thr 
260 

(2) INFORMATION FOR SEQ ID NOiSr 

(i) SEQUENCE CHARACTERISTICS s 

{A} LENGTH r 250 amino acids 
(B) TYPEs ammo acid 
(D) TOPOLOGY i linear 

(ii) MOLECULE TYPE i protein 



(xi) SEQUENCE DESCRIPTION r SEQ ID NOr8: 

Ala Pro Thr Leu Glu Thr He Ala Ser Leu Asp Leu Asn Asn Pro Thr 
! 5 10 

Thr Tyr Leu Ser Phe He Thr Asn lie Arg Thr Lys Val Ala Asp Lys 

20 25 
Thr Glu Gin cys Thr He Gin Lys He Ser Lys Thr Phe Thr Gin Arg 

35 40 
Tyr Ser Tyr He Asp Leu He Val Ser Ser Thr Gin Lys He Thr Leu 

SO S5 
Ala He Asp Met Ala Asp -Leu Tyr Val Leu Gly Tyr Ser Asp He Ala 
65 70 75 

Asn Asn Lys Gly Arg Ala Phe Phe Phe Lys Asp Val Thr Glu Ala Val 



85 



Ala Asn Asn Phe Phe Pro Gly Ala Thr Gly Thr Asn Arg Zto Lys Leu 
100 105 
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Thr Phe Thr Gly Ser Tyr Gly Asp Leu Glu Lys Asn Gly Gly Leu Arg 
115 120 125 

Lys Asp Asn Pro Leu Gly He Phe Arg Leu Glu Asn Ser He Val Asn 
130 135 140 

He Tyr Gly Lys Ala Gly Asp Val Lys Lys Gin Ala Lys Phe Phe Leu 
145 150 155 160 

Leu Ala He Gin Met Val Ser Glu Ala Ala Arg Phe Lys Tyr He Ser 
165 170 175 

Asp Lys He Pro Ser Glu Lys Tyr Glu Glu Val Thr Val Asp Glu Tyr 
180 185 190 

Met Thr Ala Leu Glu Asn Asn Trp Ala Lys Leu Ser Thr Ala Val Tyr 
195 200 205 

Asn Ser Lys Pro Ser Thr Thr Thr Ala Thr Lys Cys Gin Leu Ala Thr 
210 215 220 

Ser Pro Val Thr He Ser Pro Trp He Phe Lys Thr Val Glu Glu He 
225 230 235 240 

Lys Leu Val Met Gly Leu Leu Lys Ser Ser 
245 * 250 

(2) INFORMATION FOR SEQ ID NO: 9: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 261 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 



\ 

\ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

He Asn Thr He Thr Phe Asp Ala Gly Asn Ala Thr He Asn Lys Tyr 
\^ 1 5 10 15 

Ala Thr Phe Met Glu Ser Leu Arg Asn Glu Ala Lys Asp Pro Ser- Leu 
20 25 30 

Lys Cys Tyr Gly He Pro Met Leu Pro Asn Thr Asn Ser Thr He Lys 
35 40 45 

Tyr Leu Leu Val Lys Leu Gin Gly Ala Ser Leu Lys Thr He Thr Leu 
50 55 60 

Met Leu Arg Arg Asn Asn Leu Tyr Val Met Gly Tyr Ser Asp Pro Tyr 
65 70 75 80 

Asp Asn Lys Cys Arg Tyr His He Phe Asn Asp He Lys Gly Thr Glu 
85 90 95 

Tyr Ser Asp Val Glu Asn Thr Leu Cys Pro Ser Ser Asn Pro Arg Val 
100 105 110 

Ala Lys Pro He Asn Tyr Asn Gly Leu Tyr Pro Thr Leu Glu Lys Lys 
115 120 125 

Ala Gly Val Thr Ser Arg Asn Glu Val Gin Leu Gly He Gin He Leu 
130 135 140 
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Ser Ser Lys He Gly Lye lie Ser Gly Gin Gly Ser Phe Thr Glu Lys 
145 150 

Ile Glu Ala Asp Phe Leu Leu Val Ala lie Gin Met Val Ser Glu Ala 
1.65 

Ala Arg Phe Lys Tyr lie Glu Asn Gin Val Lys Thr Asn Phe Asn Arg 

180 185 

. TTrc Va1 Ton asp Leu Glu Glu Asn Trp Gly 

Asp Phe ser Pro Asn Asp Lys Val Leu Asp 205 

195 200 



Ly8 lie ser Thr Ala He His Asn Ser Lys Asn Gly Ala Leu Pro Lys 

210 215 
Pro Leu Glu Leu Lys Asn Ala Asp Gly Thr Lys Trp He Val Leu Arg 



225 



230 



Val Asp Glu lie Lys Pro Asp Val Gly Leu Leu Asn Tyr Val Asn Gly 



245 250 

Thr Cys Gin Ala Thr 
260 

(2) INFORMATION FOR SEQ 3D NOrlO: 

fx) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 259 amino acids 

(B) TYPE? amino a c i d 
(D) TOPOLOGY r linear 

(ii> MOLECULE TYPEr protein 



(Xi) SEQUENCE DESCRIPTIONS SEQ ID NOilOx 



val Thr Ser He Thr Leu Asp Leu Val Asn Pro Thr Ala Gly Gin Tyr 



5 



Ser Ser Phe Val Asp Lys Ile Arg Asn Asn Val Lys Asp Pro Asn Leu 

20 25 
Lys Tyr Gly Gly Thr Asp He Ala Val He Gly Pro Pro Ser Lys Glu 



35 40 



Ly8 Phe Leu Arg He Asn Phe Gin Ser Ser Arg Gly Thr Val Ser Leu 

50 55 
Gly Leu Lys Arg Asp Asn Leu Tyr Val Val Ala Tyr Leu Ala Met Asp 
65 7a 

Asn Thr Asn Val Asn Arg Ala Tyr Tyr Phe Arg Ser Glu lie Thr Ser 
85 

Ma Glu ser Thr Ala Leu Phe Pro Glu Ala Thr Thr Ala Asn Gin Lys 

100 105 
Ma Leu Glu Tyr Thr Glu Asp Tyr Gin Ser lie Glu Lys Asn Ala Gin 

115 120 
Xle Thr Gin Gly Asp Gin Ser Arg Lys Glu Leu Gly Leu Gly He Asp 

130 135 
Leu Leu Ser Thr Ser Met Glu Ala Val Asn Lys Lys Ala Arg Val Val 
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Lys Asp Glu Ala Arg Phe Leu Leu He Ala He Gin Met Thr Ala Glu 
165 170 175 

Ala Ala Arg Phe Arg Tyr He Gin Asn Leu Val He Lys Asn Phe Pro 
180 185 190 

Asn Lys Phe Asn Ser Glu Asn Lys Val He Gin Phe Glu Val Asn Trp 
195 200 205 

Lys Lys He Ser Thr Ala He Tyr Gly Asp Ala Lys Asn Gly Val Phe 
210 215 220 

Asn Lys Asp Tyr Asp Phe Gly Phe Gly Lys Val Arg Gin Val Lys Asp 
225 230 235 240 

Leu Gin Met Gly Leu Leu Met Tyr Leu Gly Lys Pro Lys Ser Ser Asn 
245 250 255 

.« Glu Ala Asn 

(2) INFORMATION FOR SEQ ID NO: 11: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 813 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

GGGCTAGATA CCGTGTCATT CTCAACCAAA GGTGCCACTT ATATTACCTA CGTGAATTTC 60 

TTGAATGAGC TACGAGTTAA ATTGAAACCC GAAGGTAACA GCCATGGAAT CCCATTGCTG 120 

CGCAAAAAAT GTGATGATCC TGGAAAGTGT TTCGTTTTGG TAGCGCTTTC AAATG ACAAT 180 

GGACAGTTGG CGGAAATAGC TATAGATGTT ACAAGTGTTT ATGTGGTGGG CTATCAAGTA 240 

AGAAACAGAT CTTACTTCTT TAAAGATGCT CCAGATGCTG CTTACGAAGG CCTCTTCAAA 300 

AACACAATTA AAACAAGACT TCATTTTGGC GGCACGTATC CCTCGCTGGA AGGTGAGAAG 360 

GCATATAGAG AGACAACAGA CTTGGGCATT GAACCATTAA GGATTGGCAT CAAGAAACTT 420 

GATGAAAATG CGATAGACAA TTATAAACCA ACGGAGATAG CTAGTTCTCT ATTGGTTGTT 480 

ATTCAAATGG TGTCTGAAGC AGCTCGATTC ACCTTTATTG AGAACCAAAT TAGAAATAAC 540 

TTTCAACAGA GAATTCGCCC GGCGAATAAT ACAATCAGCC TTGAGAATAA ATGGGGTAAA 600 

CTCTCGTTCC AGATCCGGAC ATCAGGTGCA AATGGAATGT TTTCGGAGGC AGTTGAATTG 660 

GAACGTGCAA ATGGCAAAAA ATACTATGTC ACOGCAGTTG ATCAAGTAAA ACCCAAAATA 720 

GCACTCTTGA AGTTCGTCGA TAAAGATCCT AAAACGAGCC TTGCTGCTGA ATTGATAATC 780 

CAGAACTATG AGTCATTAGT GGGCTTTGAT TAG 813 
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(2) INFORMATION FOR SEQ ID NOsl2s 

fi) SEQUENCE CHARACTERISTICS : 

(A) LENGTH : 846 base pairs 

(B) TYPE: nucleic acid 

(C) STRRNDEDNESS : single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TXPE: cDNA 



\ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
fiTCGCGGCAA AGATGGCGAA GAACGTGGAC AAGCGGCTCT TCACCGCGAC GTTCAACGTC 
CAGGCCAGCT CCGCCGACTA CGCCRCCTTC RTCGCCGGCA TCCGCAACAA GCTCCGCRAC 
CCGGCGCACT TCTCCCACAA CCGCCCCGTG CTGCCGCCGG TCGAGCCCAA CGTCCCGCCG 
AGCAGGTGGT TCCACGTCGT GCTCARGGCC TCGCCGACCA GCGCCGGGCT CACGCTGGCC 
ATCCGCGCGG ACAACATCTA CCTGGAGGGC TTCAAGAGCA GOGACGGCAC CTGGTGGGAG 
CTCACCCCGG GCCTCATCCC OGGCGCCACC TACGTCGGGT TCGGCGGCAC CTACCGCGAC 
CTCCTCGGCG ACACCGACAA GCTAACCAAC 6TCGCTCTCG GCCGACAGCA GCTGGOGGAC 
GCGGTGACCG CGCTCCACGG GCGCACCAAG GCCGACAAGG CCTCCGGCCC GAAGCAGCAG 
CAGGOGAGGG AGGCGGTGAC GACGCTGGTC CTCATGGTGA ACGAGGCCAC GCGGTTCCAG 
ACGGTGTCTG GGTTCGTGGC CGGGTTGCTG CACCCCAAGG CGGTGGAGAA GAAGAGCGGG 
AAGATCGGCA ATGAGATGAA GGCCCAGGTG AACGGGTGGC AGGACCTGTC CGCGGCGCTG 
CTGAAGACGG AOGTGAAGCC TCCGCCGGGA AAGTCGCCAG CGAAGTTCGG GCCGATCGAG 
AAGATGGGCG TGAGGACGGC TGAACAGGCC GCCAACACGC TGGGGATCCT GCTGTTCGTG 



GAGGTGCCGG GTGGGTTGAC GGTGGCCAAG GCGCTGGAGC TGTTCCATGC GAGTGGTGGG 

\ 846 

AAATAG 

(2) INFORMATION FOR SEQ ID NO: 13: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 913 base pairs 

(B) TOTE: nucleic acid 

(C) STRANDED NESS : single 
{D} TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(aci) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
CGTCCGAAAA TGGTGAAATG CTTACTACTT TCTTTTTTAA TTATCGCCAT CTTCATTGGT 
GTTCCTACTG CCAAAGGCGA TGTTAACTTC GATTTGTCGA CTGCCACTGC AAAAACCTAC 
ACAAAATTTA TCGAAGATTT CAGGGCGACT CTTCCATTTA GCCATAAAGT GTATGATATA 
CCTCTACTGT ATTCCACTAT TTCCGACTCC AGACGTTTCA TACTCCTCGA TCTTACAAGT 
TATGCATATG AAACCATCTC GGTGGCCATA GATGTGACGA ACGTTTATGT TGTGGCGTAT 



60 
120 
180 

if 

240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 



60 
120 
180 
240 
300 
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CGCKCCCGCG ATGTATCCTA CTTTTTTAAA GAATCTCCTC CTGAAGCTTA TAACATCCTA 360 

TTCAAAGGTA CGCGG AAAAT TACACTGCCA TATACCGGTA ATTATGAAAA TCTTCAAACT 420 

GCTGCACACA AAATAAGAGA GAATATTGAT CTTGGACTCC CTGCCTTGAG TAGTGCCATT 480 

ACCACATTGT TTTATTACAA TGCCCAATCT GCTCCTTCTG CATTGCTTGT ACTAATCCAG 540 

ACGACTGCAG AAGCTGCAAG ATTTAAGTAT ATCGAGCGAC ACGTTGCTAA GTATGTTGCC 600 

ACTAACTTTA AGCCAAATCT AGCCATCATA AGCTTGGAAA ATCAATGGTC TGCTCTCTCC 660 

AACAAATCTT TTTGGCGCAG AATCAAGGAG GAAAATTTAG AAATCCTGTC GACCTTATAA 720 

AACCTACCGG GGAACGGTTT CAAGTAACCA ATGTTGATTC AGATGTTGTA AAAGGTAATA 780 

TCAAACTCCT GCTGAACTCC AGAGCTAGCA CTGCTGATGA AAACTTTATC ACAACCATGA 840 

CTCTACTTGG GGAATCTGTT GTGAATTGAA AGTTTAATAA TCCACCCATA TCGAAATAAG 900 

■* GCATGTTCAT GAG 913 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

TTTAARGAYG CNCCNGAYGC NGCNTAYGAR GG 32 

(2) INFORMATION FOR SEQ ID NO: 15: 

<i) SEQUENCE CHARACTERISTICS: 
\ (A) LENGTH: 32 base pairs 

\ (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 15: 
ACYTGRTCNA CNGCNGTNAC RTARTAYTTY TT 32 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION? SEQ ID NO:16s 

32 

GGNYTNGAYA CNGTNWSNTT YWSNACNAAR GG 
(2) INFORMATION FOR SEQ ID NO: 17: 

(I) SEQUENCE CHARACTERISTICS i 

(A) LENGTHS 23 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY* linear 

(ii) MOLECULE TYPEs DNA 



(xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 17: 

23 

AATGGTTCAA TGCCCAAGTC TGT 

(2) INFORMATION FOR SEQ ID NO 2 18: 

(i) SEQUENCE CHARACTERISTICS J 
(A) LENGTH: 23 base pairs 
(B> TXPEs nucleic acid 

(C) STRANDEDNESS s single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPES DNA 

(xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 18: 

23 

TGTCTCTCTA TATGCCTTTC CAC 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 53 base pairs 
\ (B) TYPE: nucleic acid 

\ (C) STRANDEDNESS: single 

(D) TOPOLOGY s linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO :19 s 
TCAACCCGGG CTAGATACCG TGTCATTCTC AACCAAAGGT GCCACTTATA TTA 53 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20s 

23 

CTTCATTTTG GCGGCACGTA TCC 
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(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
CTC6AGGCTG CAAGCTTACG TGGGATTTTT TTTTTTTTTT TTTTTT 46 
(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
CTCGCTGGAA GGTGAGAA 18 
(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CTCGAGGCTG CAAGCTTACG TGGGA 25 
(2) INFORMATION FOR SEQ ID NO: 24: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
TGATCTCGAG TACTATTTAG GATCTTTATC GACGA 35 
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(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

22 

GTAAGCAGCA TCTGGAGCAT CT 

(2) INFORMATION FOR SEQ ID NO:26: 

* (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

21 

CATTCAAGAA ATTCACGTAG G 

(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

23 

GGCCTGGACA CCGTGAGCTT TAG 

(2) INFORMATION FOR SEQ ID NO:2&: 

(i) SEQUENCE CHARACTERISTICS s 
(A> LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28: 

25 

TCGATTGCGA TCCTAAATAG TACTC 
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(2) INFORMATION FOR SEQ ID NO: 29: 



f ' (i) SEQUENCE CHARACTERISTICS: 

| I (A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNES S : single 
P. (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
TTTAGGATCG CAATCGACGA ACTTCAAG 28 
(2) INFORMATION FOR SEQ ID NO: 30: 



' (i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 32 base pairs 
M ( B ) TYPE: nucleic acid 

fc* (C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30: 
GTTCGTCTGT AAAGATCCTA AATAGTACTC GA 32 
(2) INFORMATION FOR SEQ ID NO: 31: 



Ijr (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
f" (C) STRANDEDNESS: single 
1 : \ (D) TOPOLOGY: linear 



\ 



(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
GGATCTTTAC AGACGAACTT CAAGAGT 27 
(2) INFORMATION FOR SEQ ID NO:32: 



ff. (i) SEQUENCE CHARACTERISTICS: 

|; (A) LENGTH: 25 base pairs 

**' (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
ap * (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 
TCTTGTGCTT CGTCGATAAA GATCC 25 



Ii 
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(2) INFORMATION FOR SEQ ID NO: 33: 

U) SEQUENCE CHARACTERISTICS-. 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 
(OY STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: ^ 
ATCGACGAAG CACAAGAGTG CTATTTT 
{Z\ INFORMATION FOR SEQ ID NO:34: 

* /f\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

( C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



Y 
\ 



32 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 
GTAAAACGAT GCATAGCACT CTTGAAGTTC GT 
(2) INFORMATION FOR SEQ ID NO: 35: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ IP NO:3S: 

32 

AGTGCTATGC ATGGTTTTAC TTGATCAACT GC 
(2) INFORMATION FOR SEQ ID NO:36: 

fi) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36: 

29 

AGCACATGTG GTGCCACTTA TATTACCTA 
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(2) INFORMATION FOR SEQ ID NO: 37: 



if J 



0 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 



|j * (ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 
TAAGTGGCAC CACATGTGCT AAAGCTCACG GTG 33 
(2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 
TGACTGTGGA CAGTTGGCGG AAATA 25 
(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



\ 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 
GCCACTGTCC ACAGTCATTT GAAAGCGCTA CC 32 
(2) INFORMATION FOR SEQ ID NO: 40: 



^ (1) SEQUENCE CHARACTERISTICS: 

? (A) LENGTH: 36 base pairs 

i (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
^ * (P) TOPOLOGY: linear 

i (11) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 40: 
GATGATCCTG GAAAGGCTTT CGTTTTGGTA GCGCTT 35 
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(2) INFORMATION FOR SEQ ID NO: 41: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS s single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTIONS SEQ ID NO: 41: 
AAGCCTTTCC AGGATCATCA GCTTTTTTGG GCAGCAATGG G 
(2) INFORMATION FOR SEQ ID NOi42: 

• (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
AAGCCTTTCC AGGATCATCA CAT 
(2) INFORMATION FOR SEQ ID NO: 43: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS? single 

(D) TOPOLOGY: linear 

\ (ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 43: 
GCGACTCTCT ACTGTTTC 
(2) INFORMATION FOR SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS t single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 
CGTTAGCAAT TTAACTGTGA T 
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(2) INFORMATION FOR SEQ ID NO: 45: 



(i) SEQUENCE CHARACTERISTICS: 
l.'i (A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 
H (D> TOPOLOGY : linear 

f.j 

1 '* (ii) MOLECULE TYPE: DNA 

n 

t-t (xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 

fX AACAGCTATG ACCATG 16 

[j (2) INFORMATION FOR SEQ ID NO: 46: 

(i) SEQUENCE CHARACTERISTICS: 
]T! (A) LENGTH: 29 base pairs 

|| (B) TYPE: nucleic acid 

5 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 
TGAACTCGAG GAAACTACCT ATTTCCCAC 29 
(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 
GCATTACATC CATGGCGGC 19 
(2) INFORMATION FOR SEQ ID NO: 48: 



* (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
* (D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 
GATATCTCGA GTTAACTATT TCCCACCACA CGCATGGAAC AGCTCCAGCG CCTTGGCCAC 60 
OGTC 64 
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(2) INFORMATION FOR SEQ ID NOr49 i 

fil SEQUENCE CHARACTERISTICS: 
1 ' (A) LENGTH* 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY t linear 

(ii) MOLECULE TYPE* DNA 

(xi) SEQUENCE DESCRIPTION: SEQ U> NO:49: ^ 
TATCTGTTCG TGGAGGTGCC G 

(2) INFORMATION FOR SEQ ID NO ? 50 : . 

Vn SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:50: ^ 
CGTTAGCAAT TTAACTGTGA T 
(2) INFORMATION FOR SEQ ID NO:51: 

' ii\ SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

\^ (ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION: SE& ID NO: 51: 
CCAAGTGTCT GGAGCTGTTC CATGCGA 
(2) INFORMATION FOR SEQ ID NO: 52: 

fit SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:52: 
GATGTTAAYT TYGAYTTGTC NACDGCTAC 



27 
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(2) INFORMATION FOR SEQ ID NO:53: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 53: 
ATTGGNAGDG TAGCCCTRAA RTCYTCDAT 29 
(2) INFORMATION FOR SEQ ID NO:54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 54: 
GCCACTGCAA AAACCTACAC AAAATTTATT GA 32 
(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

GATGTTAACT TCGATTTGTC GA 22 

(2) INFORMATION FOR SEQ ID NO: 56: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 33 base pairs 
<B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 
TCAACTCGAG GTACTCAATT CACAACAGAT TCC 33 
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(2) INFORMATION FOR SEQ ID NO: 57s 

(L\ SEQUENCE CHARACTERISTICS: 

(A) LENGTHS 813 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSr single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION s SEQ ID NO:57: 



CGTGAATTTC 


60 




120 


AAATGACAAT 


180 


CTATCAAGTA 


240 


CCtCTTCAAA 


300 


AGGTGAGAAG 


360 


CAAGAAACTT 


420 


ATTGGTTGTT 


480 


TAGAAATAAC 


540 


ATGGGGTAAA 


600 


AGTTGAATTG 


660 


ACCCAAAATA 


720 


ATTGATAATC 


780 




813 



CAGAACTATG AGTCATTAGT GGGCTTTGAT TAG 
(2) INFORMATION FOR SEQ ID NO:58: %g* 

(il SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 20 amino acids 

(B) TYPEs amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPEs peptide 
(Xij SEQUENCE DESCRIPTIONS SEQ ID N0s58s 

Cy 3 His His His Ala Sex Arg Val Ala Arg Met Ala Ser Asp Glu Phe 

Pro ser Met Cys 
20 

(2) INFORMATION FOR SEQ ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS s 

(A) LENGTHS 20 amino acids 



(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



BNSOOCtO:<WO 9309130A1 I > 



SUBSTITUTE SHEET 



WO 93/09130 

-115- 

(ii) MOLECULE TYPE: peptide 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 59: 

Pro Ser Gly Gin Ala Gly Ala Ala Ala Ser Glu Ser Leu Phe He Ser 
1 5 10 15 

Asn His Ala Tyr 
20 

(2) INFORMATION FOR SEQ ID NO; 60: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 60: 
CAGCCATGGA ATCCCATTGC TG 22 
(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 61: 
CACATGTAAA ACAAGACTTC ATTTTGGC 28 
(2) INFORMATION FOR SEQ ID NO: 62: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 62: 
TGAAGTCTTG TTTTAGATGT GTTTTTGAAG AGGCCT 36 
(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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30 



39 



(ii) MOLECULE TYPE= DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 63: 

atgccaiatg outfTATAAA ccaacggaga 

(2) INFORMATION FOR SEQ ID NO: 64: 

fil SEQUENCE CHARACTERISTICS: * 

(A) LENGTH: 39 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYfcE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:64: 
GGTTTAIAAT TGCATATGGC ATTTTCATCA AGTTTCTTG 
(2) INFORMATION FOR SEQ ID NO: 65: 

(L) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

fxi) SEQUENCE DESCRIPTION: SEQ ID NO: 65: 

33 

CTTTCAACAA TGCATTCGCC CGGCGAAIAA TAC 

(2) INFORMATION FOR SEQ ID NO: 66: 

\ 

Ml SEQUENCE CHARACTERISTICS: - §• ^ 

(A) LENGTH: 33 base pairs 

(B) TYPE* nucleic acid 

(C) STRANDEDNESS: single 
(DJ TOPOLOGY: linear 

(li) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 66: 

33 

GCGAATGCAT TGTTGAAAGT TATTTCXAAT TTG 
(2) INFORMATION FOR SEQ ID NO: 67: 

(i> SEQUENCE CHARACTERISTICS: ^ 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: lin e ar 

(ii) MOLECULE TYPE: DNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 67; 
GTTTTGTGAG GCAGTTGAAT TGGAAC 26 
(2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 68: 
TTCAACTGCC TCACAAAACA TTCCATTTGC ACCT 34 
(2) INFORMATION FOR SEQ ID NO: 69: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 69: 
AAAAGCTGAT GATCCTGGAA AGTG 24 
(2) INFORMATION FOR SEQ ID NO: 70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 70: 
TCCAGGATCA TCAGCTTTTT TGCGCAGCAA TGGGA 35 
(2) INFORMATION FOR SEQ ID NO: 71: 

* (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 321 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
% (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;71: 
GACATCCAGA TGACTCAGTC TCCATCTTCC ATGTCTGCAT CTCTGGGAGA CAGAGTCACT 60 



\ 

• • • 1 1 
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a^cc cssc^ o^c^ «— — 

— - — 1 — 100 "* T 

— — cc™= ™- 
— — — — 

GGCACCAAGC TTGAAAICAA A 

(2) INFORMATION FOR SEQ ID NO: 72: 

Ml SEQUENCE CHARACTERISTICS: 
( 7a) LENGTH: 354 base pairs 

(B) TIPS: nucleic acid 

#C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



\ 



(Xi) SEQUENCE DESCRIPTIONS SEQ ID NOs72: 
CAGATCCA6T TCGTCCAGTC TCGACCTGCC CTCAAGAAGC C^GAGCGTC C~« 
XCCTGCCCAC CTTCTGGGTA TACCTTCACA AACTATCGAA TCAACTCGCT GAAGCAGCCT 
CCAGGAAAGG GTTTAAGGTG GATGGGCTGG ATAAACACCC ACACTGGAGA GCCAACATAT 
CCIOATGACT TCAAGGGACG CTTTACCTTC TCTTTGGACA CGTCTAAGAG CACTGCCTAT 
TTACAGATCA ACAGCCTCAG AGCCGAGGAC ACGGCTACAT ATTTCTGTAC AAGACGGGGT 
TACGACTGGT ACTTCGATGT CTGGGGGCAA GGGACCACGG TCACCGTCTC CTCC 
(2) INFORMATION FOR SEQ ID NO:73: 

(£1 SEQUENCE CHARACTERISTICS: 
( ' (A) LENGTHS 354 base pairs 

(B) TXPEs nucleic acid 

(C) STRANDEDNESS s single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TIPEs DNA 

(Xil SEQUENCE DESCRIPTIONS SEQ ID NOs73s 
GAGATCCAGT TGGTGCAGTC TGGAGGAGGC CTGGTGAAGC CTGGAGGGTC CGTCAGAATC 
TCCTGCGCAG CTTCTGGGTA TACCTTCACA AACTATGGAA TGAACTGGGT GCGCCAGGCT 
CCAGGAAAGG GTTTAGAGTG GATGGGCTGG ATAAACACCC ACACTGGAGA GCCAACATAT 
G^CTT TCAAGGGACG GTTTACCTTC TCTTTGGACG ATTCTAAGAA CACTGCCTAT 
TTACAGATCA ACAGCCTCAG AGCCGAGGAC ACCGCTGTGT ATTTCTGTAC AAGACGGGGT 
TACGACTGGT ACTTCGATGT CTGGGGCCAA GGGACCACGG TCACCGTCTC CTCC 



120 
180 
240 
300 
321 



60 
120 
180 
240 
300 
354 



60 
120 
180 
240 
300 
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(2) INFORMATION FOR SEQ ID NO: 74: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 321 base pairs 

(B) TYPEs nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 



I (ii) MOLECULE TYPE: DNA 



| (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 74: 

GACATCCAGA TGACTCAGTC TCCATCTTCC CTGTCTGCAT CTGTAGGAGA CAGAGTCACT 60 

| ATCACTTGCC GGGCGAGTCA GGACATTAAT AGCTATTTAA GCTGGTTCCA GCAGAAACCA 120 

GGGAAAGCTC CTAAGACCCT GATCTATCGT GCAAACAGAT TGGAATCTGG GGTCCCATCA 180 

f i J AGGTTCAGTG GCAGTGGATC TGGGACAGAT TATACTCTCA CCATCAGCAG CCTGCAATAT 240 

GAAGATTTTG GAATTTATTA TTGTCAACAG TATGATGAGT CTCCGTGGAC GTTCGGTGGA 300 

I GGCACCAAGC TTGAAATCAA A 321 

(2) INFORMATION FOR SEQ ID NO: 75: 



i; \ 
V ■■■■■ \ 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 70 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : .single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 75: 
TGTCATCATC ATGCATCGCG AGTTGCCAGA ATGGCATCTG ATGAGTTTCC TTCTATGTGC 60 
GCAAGTACTC 70 
(2) INFORMATION FOR SEQ ID NO: 76: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 78 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 76: 
TCGAGAGTAC TTGOGCACAT AGAAGGAAAC TCATCAGATG CCATTCTGGC AACTCGCGAT 60 
GCATGATGAT GACATGCA 78 



W * 
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(2) INFORMATION FOR SEQ TO NO:77: 

(i> SEQUENCE CHARACTERISTICS: 
1 ft) LENGTH: 30 base pairs 

(B) TYPEr nucleic acid 

(C) STRANDEDNESS: single 
(D> TOPOLOGY? linear 

(ii) MOLECULE TYPEs DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 77: 
TGTTCGGCCG CATGTCATCA TCATGCATCG 
(2) INFORMATION FOR SEQ ID NO: 78: 

. my SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:78r 
AGTCATGCCC CGCGC 

(2) INFORMATION FOR SEQ ID NO: 79: 

lil SEQUENCE CHARACTERISTICS z 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS r single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOt79: 
TCCCGGCTGT CCTACAGT 
(2) INFORMATION FOR SEQ ID NO: 80: 

#il SEQUENCE CHARACTERISTICS: 
{&) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:80: 
TCCAGCCTGT CCAGATGGTG TGTGAGTTTT GTCACAA 
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(2) INFORMATION FOR SEQ ID NO: 81: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 76 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 81: 
CTAACTCGAG AGTACTGTAT GCATGGTTCG AGATGAACAA AGATTCTGAG GCTGCAGCTC 60 
CAGCCTGTCC AGATGG 76 
(2) * INFORMATION FOR SEQ ID NO: 82: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82: 
CTAACTCGAG AGTACTGTAT 20 
(2) INFORMATION FOR SEQ ID NO: 83: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 83: 

TCCAGCCTGT CCAGATGGAC ACTCTCCCCT GTTGAA 36 

(2) INFORMATION FOR SEQ IB NO: 84: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 18 base pairs 

* (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

* (ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:84: 
GTACAGTGGA AGGTGGAT 18 
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( 2) HffiOHMailOH FOR SEQ H> NQ:8S: 
fi , SEODENCE CHARACTERISTICS: 
(1) ^A)LENGTH : 31 base pairs 

(S) TYPEi nucleic acid 

fC) STRANDEDNESS: single 

(D) TOPOLOGY • linear 

(ii> MOLECULE TYPE: DMA 

(Xi> SEQUENCE DESCRIPTION: SEQ ID NO:85: ^ 
CATGCGGCCG ATTTAGGATC TTTATCGACG A 
{2 ) INFORMATION FOR SEQ ID NO:86: 

• <i) SEQUENCE CHARACTERISTICS: 
( (A) LENGTH: 22 base pairs 
fB) TYPE: nucleic acid 

(C) STRAND ED NESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:86: ^ 
AACATCCAGT TGGTGCAGTC TG 
(2) INFORMATION FOR SEQ ID NO: 87: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base parrs 
IB) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: UNA 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO:87: ^ 
GAGGAGACGG TGACCGTGGT 
(2) INFORMATION FOR SEQ ID NO:88: 

Ml SEQUENCE CHARACTERISTICS: 
1 * (A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 88: ^ 
GACATCAAGA TGACCCAGT 
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(2) INFORMATION FOR SEQ ID NO: 89: 

(x) SEQUENCE CHARACTERISTICS i 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 89: 
GTTTGATTTC AAGCTTGGTG C 
(2} INFORMATION FOR SEQ ID NO: 90: 

* (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 90: 
ACTTCGGCCG CACCATCTGG ACAGGCTGGA G 31 
(2) INFORMATION FOR SEQ ID NO: 91: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 91: 
CGTTAGCAAT TTAACTGTGA T 
(2) INFORMATION FOR SEQ ID NO: 92: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 723 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 92: 

GACATCCAGA TGACTCAGTC TCCATCTTCC CTGTCTGCAT CTGTAGGAGA CAGAGTCACT 60 

ATCACTTGCC GGGCGAGTCA GGACATTAAT AGCTATTTAA GCTGGTTCCA GCAGAAACCA 120 

GGGAAAGCTC CTAAGACCCT GATCTATCGT GCAAACAGAT TGGAATCTGG GGTCCCATCA 180 
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AGGTTCAGTG OC^ — « ~ CCHJCRGCAG CCXGCAAXAT 

AGGTTCAGTG GCAGTGGAi cTCCGTGGAC GTTCGGTGGA 

GAAGATTTTG GAATTTATTA TTGTCAACAG TATGATGAGT CTCCGT^ 
GaAGiUr .^«~rr GAGGTGGGTC CGGAGGTGGA 

G6caccaAG C TTGAGATGAA AGGTGGCGGT GGATCTGGTG GAGGTGGG 

GGCaCC3 ^ nrAGGCCTGG TGABGCCTGG AGGGTCCGTC 

GGATCTGAGA TCCAGrTGGT GCAGTCTGGA GGAGGCC^ 

aGAATCTCCT GCGCAGCTTC TGGGTATACC ^"^^^^ ftC&CCCACAC TGGAGAGCCA 
cafiGCTCCaG GAAAGGGTTT AGAGTGGAIG GG^ ™ 
aGAIAIGCTG ATTCTTTCAA GGGACGCTTT ACCTTCTCTT TGGAOGAXj 

^-~«~-^-"~ 

^.co cc^stctsc coca^oo, «*»««: cgtct^ 

(2) INFORMATION FOR SEQ ID NO:93: 
fi> SEQUENCE CHARACTERISTICS: 
( 1 (A) IJ5NGTH: 723 base paxrs 

(B) TZPE: nucleic acid 

(C\ STRANDEDNESS: single 

(D) TOPOLOGY? linear 

(ii) MOLECULE TYPE: DHA 



\ 



TGA 

(2 ) INFORMATION FOR SEQ ID NO:94: 
(i) SEQUENCE CHARACTERISTICS a 
( ' \k) LENGTH; 51 base paxrs 
(B) TYPE: nuclexc acid 
} c ; STRANDEDNESS i single 
(D) TOPOLOGY: linear 



240 
300 
360 
420 
460 
540 
600 
660 
720 
723 



60 
120 
180 
240 



(xi) SEQUENCE DESCRIPTION ; SEQ ID NO: 93: 

c*™* «— ******** «-"-«----" 

~- — — «~ — - " 

saccactccr .cncoiGt cimg^ g^c<^ ic.ccaicrc « 

H— — — — — 

CC&ICITCCC TGTCTGCBTC 1GTW3G*GM W36STCRCIA ^^^^^^^^ TWIGfiCCCTG 
gciAOTW* CIGGTTCCRG CfiGfiMC^G GG&BACCTCC TRMRCCCIG 
G GGMTCIOGG GTCCCMCftA GGTTCAGTGG CftGTGGfiXCT 

htcmicgtg cmkm"" ggmtckkw B« 

^L— . — — — — — 
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723 
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(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:94: 
CGGACCCACC TCCACCAGAT CCACCGCCAC CTTTCATCTC AAGCTTGGTG C 
(2) INFORMATION FOR SEQ ID NO: 95: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 95: 
GACATCCAGA TGACTCAGT 
(2) INFORMATION FOR SEQ ID NO: 96: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA* 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 96: 
GGTGGAGGTG GGTCCGGAGG TGGAGGATCT GAGATCCAGT TGGTGCAGT 
(2) INFORMATION FOR SEQ ID NO: 97: 

\ (i) SEQUENCE CHARACTERISTICS r 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi> SEQUENCE DESCRIPTION: SEQ ID NO: 97: 
TGTACTCGAG CCCATCATGA GGAGACGGTG ACCGT 
(2) INFORMATION FOR SEQ ID NO: 98: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
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30 



37 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO:98: 
GGTGGAGGTG GGTCCGGAGG TGGAGGATCT 
(2) INFORMATION FOR SEQ ID NO:99: 

fi) SEQUENCE CHARACTERISTICS! 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xiy SEQUENCE DESCRIPTION : SEQ ID NO: 99: 
TGTACTCGAG CCCAICATTT CATCTCAAGC TTGGTGC 
(2) INFORMATION FOR SEQ ID NO:100: 

fil SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 100: 

* 22 
GAGATCCAGT TGGTGCAGTC TG 

(2) INFORMATION FOR SEQ ID NO: 101: 

(L) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESSi single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(xi) SEQUENCE DESCRIPTION : SEQ U> NO: 101: 
CGGACCCACC TCCACCAGAT CCACCGCCAC CTGAGGAGAC GGTGACCGT 



49 
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CLABMS 

1. An analog of a Type I ribosome-inactivating protein, said analog 
having a cysteine available for intermolecular disulfide bonding at an amino acid 
position corresponding to a position not naturally available for intermolecular 
5 disulfide bonding in said Type I ribosome-inactivating protein and said cysteine being 
located at a position in the amino acid sequence of said analog from the position 
corresponding to position 251 in SEQ ID NO: 1 to the carboxyl terminal position of 
said analog. 

2. The analog recited in claim 1 wherein said Type I ribosome- 
10 inactivating protein is gelonin. 

3. The analog recited in claim 2 wherein said cysteine is at a position 
in said analog from position 244 to the caiboxyl terminal position of said analog. 

4. The analog recited in claim 3 wherein said cysteine is at a position 
in said analog from position 247 to the carboxyl terminal position of said analog. 

5 5. The analog recited in claim 3 wherein said cysteine is at position 

244 of the amino acid sequence of said analog. 

6. The analog recited in claim 4 wherein said cysteine is at position 
247 of the amino acid sequence of said analog. 

7. The analog recited in claim 2 wherein the native gelonin cysteine 
) residues at positions 44 and 50 are replaced with alanine residues. 

8. The analog recited in claim 4 wherein said cysteine is at position 
248 of the amino acid sequence of said analog. + 

9. The analog recited in claim 1 wherein said Type I ribosome- 
inactivating protein is barley ribosome-inactivating protein. 
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10 TheanaJog.ed«rftadata9^s^<^** a ^ 
ta ^ a^s ^ ^oa 256 » *e ca^ ^ p^co of said anatag. 

11 H* analog recited in data 10 "hereto said cysteine fa at a 
^ „ aald anaing fton, position 2» to the cadtoxy. tenninal posidon of sani 
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12 . The analog recited in claim 10 wherein said cysteine is at position 
256 of meamino acid sequence of said analog. 

13 . me analog recited in claim 1 1 wherein said cysteine is at position 
270 of the amino acid sequence of said analog. 

14. Thearaalogrecitedmclmmllwheremsai^ 
277 of the amino acid sequence of said analog. 

15. The analog recited in claim 1 wherein said Type I ribosome- 
inacUvating protein is momordin IT. 

16 The analog recited in claim 1 wherein said position of said 
15 cysteine in the amino acid sequence of said analog corresponds to a position within 
one ainino acid of position 259 of SEQ ID NO: 1. 

17. The analog recited in claim 16 wherein said Type I ribosome- 
inactivating protein is gelonin. 

18. The analog recited m claim 16 wherein said Type I ribosome- 
20 inactivating protein is barley ri^sonre-inacuvating protein. 

19. The analog recited in claim 16 wherein said Type I ribosome- 
inactivating protein is momordin IL 
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20. The analog recited in claim 1 wherein said position of said 
cysteine in the amino acid sequence of said analog corresponds to position 259 of 
SEQIDNO:l. 

21. The analog recited in claim 20 wherein said Type I ribosome- 
5 inactivating protein is barley ribosome-inactivating protein. 

22. The analog recited in claim 20 wherein said Type I ribosome- 
inactivating protein is momordin II. 

23. A polynucleotide encoding an analog of a Type I ribosome- 
inactivating protein, said analog having a cysteine available for intermolecular 

0 disulfide bonding at an amino acid position corresponding to a position not naturally 
available for intermolecular disulfide bonding in said Type I ribosome-inactivating 
protein and said cysteine being located at a position in the amino acid sequence of 
said analog from the position corresponding to position 251 in SEQ ID NO: 1 to the 
carboxyl terminal position of said analog. 

24. The polynucleotide recited in claim 23 wherein said Type I 
ribosome-inactivating protein is gelonin. 

25. The polynucleotide recited in claim 24 wherein said cysteine is at 
a position in said analog from position 244 to the carboxyl terminal position of said 
analog. 

26. The polynucleotide recited in claim 25 wherein said cysteine is at 
a position in said analog from position 247 to the carboxyl terminal position of said 
analog. 

+ 

27. The polynucleotide recited in claim 25 wherein said cysteine is at 
position 244 of the amino acid sequence of said analog. 
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28. The polynucleotide recited in claim 26 wherein said cysteine is at 
position 247 of the amino acid sequence of said analog. 

29 The polynucleotide recited in claim 24 wherein the native gelonin , 
cysteine residues at positions 44 and 50 are replaced with alanine residues. 

5 30. The polynucleotide recited in claim 26 wherein said cysteine is at 

position 248 of the amino add sequence of said analog. 

31. The polynucleotide recited in claim 23 wherein said Type I Q 
ribosome-inactivating protein is barley ribosome-inactivating protein. 

32 The polynucleotide recited in claim 31 wherein said cysteine is at 
10 a position in said analog from potion 256 to the carboxyl terminal position of said 

analog. 

33 The analog recited in claim 32 wherein said cysteine is at a 
position in said analog from position 260 to the carboxyl terminal position of said 



34. The polynucleotide recited in claim 32 wherein said cysteine is at q 
position 256 of the amino acid sequence of said analog. 

35. Thepolvniu^tider^ 
position 270 of the amino acid sequence of said analog. 

36. Thepolynucleotide recited in claim 33 wherein said cysteine is at 
20 position 277 of the aminoacid sequence of saidanalog. 

37. The polynucleotide recited in claim 23 wherein said Type I 
nbosome-iijactivating protein is monnordin EL 
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38. A vector encoding an analog of a Type I ribosome-inactivating 
protein, said analog having a cysteine available for intermolecular disulfide bonding 
at a amino acid position corresponding to a position not naturally available for 
intermolecular disulfide bonding in said Type I ribosome-inactivating protein and said 
5 cysteine being located at a position in the amino acid sequence of said analog from 
the position corresponding to position 251 in SEQ ID NO: 1 to the carboxyl terminal 
position of said analog. 

39. A host cell comprising a DNA vector including a polynucleotide 
encoding an analog of a Type I ribosome-inactivating protein, said analog having a 

10 cysteine available for intermolecular disulfide bonding at an amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
bonding in said Type I ribosome-inactivating protein and said cysteine being located 
at a position in the amino acid sequence of said analog from the position 
corresponding to position 251 in SEQ ID NO: 1 to the carboxyl terminal position of 

15 said analog. 

40. The host cell recited in claim 39 wherein said Type I ribosome- 
inactivating protein is gelonin. 

41. The host cell recited in claim 40 wherein said cysteine is at 
position 247 of the amino acid sequence of said analog. 

'0 42. The host cell recited in claim 41 wherein said host cell is of the 

type deposited as ATCC Accession No. 69009. 

43. The host cell recited in claim 39 wherein said Type I ribosome- 
inactivating protein is barley ribosome-inactivating protein. 

. 44. The host cell recited in claim 43 wherein said cysteine is at 
> position 277 of the amino acid sequence of said analog. 



SUBSTITUTE SHEET 



PCT/US92/09487 

WO 93/09130 

-134- 

45. The host cell recited in claim 44 wherein said host cell is of the 
type deposited as ATCC Accession No. 68722. 

46. An agent toxic to a cell comprising an analog of a Type I 
ribosome-inactivating protein linked by a disulfide bond through a cysteine to a 
molecule winch specifically binds to said cell, said cysteine being located at an amino 
add position corresponding to a position not naturally available for intennolecular 
disulfide bonding in said Type I ribosome-inactivating protein and said cysteine being 
located in the amino add sequence of said analog fiom the position corresponding to 

' position 251 in SEQ ID NO: 1 to the carboxyl terminal position of said analog. 

47. The agent redted in claim 46 wherein said Type I ribosome- 
inactivating protein is gelonin. 

48. The agent redted in claim 47 wherein said cysteine is at a position 
in said analog from position 247 to the carboxyl terminal position of said analog. 

49. The agent recited in claim 48 wherein said cysteine is at position 

247 of the arnino acid sequence of said analog. 

50. The agent recited in claim 47 wherein the native gelonin cysteine 
residues at positions 44 and 50 are replaced with alanine residues. 

51. The agent redted in claim 48 wherein said cysteine is at position 

248 of the amino add sequence of said analog. 

52. The agent recited in claim 46 wherein said Type I ribosome- 
inactivating protein is barley ribosome-inactivating protein. 

53. The agent recited in claim 52 wherein said cysteine is at a position 
in said analog from position 260 to the carboxyl terminal position of said analog. 
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54. The agent recited in claim 53 wherein said cysteine is at a position 
in said analog from position 270 to the carboxyl terminal position of said analog. 

55. The agent recited in claim 46 wherein said cysteine is at position 
256 of the amino acid sequence of said analog. 

5 56. The agent recited in claim 54 wherein said cysteine is at position 

270 of the amino acid sequence of said analog. 

57. The agent recited in claim 54 wherein said cysteine is at position 
277 of the amino acid sequence of said analog. 

58. The agent recited in claim 46 wherein said Type I ribosome- 
10 inactivating protein is momordin II. 

59. The agent recited in claim 47 wherein said Type I ribosome- 
inactivating protein is linked to an antibody. 

60. The agent recited in claim 59 wherein said Type I ribosome- 
inactivating protein is linked to an H65 antibody. 

15 61. The agent recited in claim 47 wherein said Type I ribosome- 

inactivating protein is linked to an antibody fragment. 

62. Hie agent recited in claim 61 wherein said Type I ribosome- 
inactivating protein is linked to an antibody fragment selected from the group 
consisting of chimeric and human engineered antibody fragments. 

50 63. The agent recited in claim 61 wherein said antibody fragment is * 

selected from the group consisting of a Fab antibody fragment, a Fab 1 antibody 
fragment and a F(ab , ) 2 antibody fragment. 
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64 The agent recited in claim 62 wherein said antibody fragment is 
seiected from the group consisting of a Fab antibody fragment, a Fab« antibody 
fiagment and a F(ab')2 antibody fiagment 

65 A metaxl for prqwring an analog of a "type I ribosome- 

5 inactivanng protein comprising me step of easing in a sntaHe host ceU a . 
polyuucleodde encoding a Type I riboan»«,inacnvanng protein having a cysteine 
a^DaMe for intermoleca.ar dMfide bomfmg subsdorteu at an ammo acto pos*» 
comspoa&g « a posttioa not nahualiy avaOabm for mtennolecalar dlsuWde 

10 aposidonfofbeamiitoacaaeonenoeofsaidai^^^ 

to position 251 in SEQ n> NO: 1 to the cathoxyl terminal positi on of said analog. 

66 The product of a method for preparing an analog of a Type 1 
ribo»me-h«*a«tagpro^ 

a polynncteotide encoding a Type I ribosome^Ktivadng protein having a cysteme 
available for tatermoleeuiar disnlfide bonding substtniled at an amino acid poauton 
ceding to a posidon not ntnutally available for intermoleenlar disulfide 
bonding in said Type I ribosome4»acdvanng protein, aid cysteine being located at 
apoatdonin tbeamino acid sequence of said analog ftom dte poaidon c^espondmg 
to position 251 in SEQ ID NO: 1 to the caiboxyl terminal position of said analog. Q 



15 



\ 



20 



25 



67 A method for preparing an agent tone to a cell comprising me 
aep of linking an analog of a Type I AosomeJnacivtuing protein through a cysteine 
„ a molecule which spedficaUy binds to aaid eel, said analog having said cystetne 
„ an amino acid posidon conesponding to a posidon not namrally available for 
ia^olec^diaulfldebondingin said Typel rib^meHnacdvaring protein and laud 
evadne being located at a posidon in me amino acid sequence of said analog from 
the position cones|K>nding to position 251 in SEQ ID NO: 1 to die caiboxyl terminal 

position of said analog. 
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68. A method for treating a disease in which elimination of particular 
cells is a goal, comprising the step of administering to a patient having said disease 
a therapeutically effective amount of an agent toxic to said cells comprising an analog 
of a Type I ribosome-inactivating protein linked through a cysteine to a molecule 
5 which specifically binds to said cell, said analog having said cysteine at an amino acid 
position corresponding to a position not naturally available for intermolecular 
disulfide bonding in said Type I ribosome-inactivating protein and said cysteine being 
located at a position in the amino acid sequence of said analog from the position 
corresponding to position 251 in SEQ ID NO: 1 to the carboxyl terminal position of 
10 said analog. 

69. An analog of a Type I ribosome-inactivating protein, wherein said 
analog has a cysteine available for intermolecular disulfide bonding located at an 
amino acid position corresponding to a position not naturally available for 
intermolecular disulfide bonding in said Type I ribosome-inactivating protein and 
15 corresponding to a position on the surface of ricin A-chain in its natural 
conformation, and wherein said analog retains ribosome-inactivating activity of said 
Type I ribosome-inactivating protein. 

70. The analog recited in claim 69 wherein said Type I ribosome 
inactivating protein is gelonin. 

20 71. The analog recited in claim 70 wherein said cysteine is at position 

10 of the amino acid sequence of said analog. 

72. A host cell comprising a vector encoding an analog according to 
claim 71, wherein said host cell is of the type deposited as ATCC Accession No. 
69008. 

*5 73. The analog recited in claim 70 wherein said cysteine is at a 

position 60 in the amino acid sequence of said analog. 
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74. The analog recited in claim 69 wherein said Type I ribosome- 
inactivating protein includes a single cysteine. 

75. The analog recited in claim 74 wherein said Type I ribosome- 
inactivating protein is gelonin. 

» • 

5 76, The analog recited in claim 75 wherein said cysteine is at position 

10 in the amino add sequence of said analog. 

77. The analog recited in claim 75 wherein said cysteine is at position ^ 
44 in the amino acid sequence of said analog. 

78. The analog recited in claim 75 wi^rein said cysteine isatposition 
10 50 in the amino acid sequence of said analog. 

79. The analog recited in claim 75 wherein said cysteine is at position 
247 in the amino acid sequence of said analog. 

80 A polynucleotide encoding an analog of a Type I ribosome- 
inacdvating protein, wherein said analog has a cysteine available for intermolecular 
i5 disulfidebondmgloca^ •) 
naturally available for intermolecular disulfide bonding in said Type I ribosome- 
inactivating protein and corresponding to a position on the surface of ricin A-chain 
in its natural conformation, and wherein said analog retains ribosome-inactivatmg 
activity of said Type I ribosome-inactivating protein. 

20 

81. A method for preparing an analog of a Type I ribosome- 
inactivating protein comprising the step of expressing in suitable host cell a , 
polynucleotide encoding a Type I ribosome-inactivating protein having a cysteine 
available for intermolecular disulfide bonding substituted at an amino acid position 
25 corresp<Kiding to a portion not naturaUy available for disulfide bonding in said Type 
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I ribosome-inactivating protein, said cysteine being located at a position corresponding 
to an amino acid position on the surface of ricin A-chain in its natural conformation 
and said analog retaining ribosome-inactivating activity of said Type I ribosome- 
inactivating protein. 

5 82. An agent toxic to a cell comprising an analog of a Type I 

ribosome-inactivating protein linked by a disulfide bond through a cysteine to a 
molecule which specifically binds to said cell, wherein said analog has a cysteine 
available for intermolecular disulfide bonding located at an amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
10 bonding in said Type I ribosome-inactivating protein and corresponding to a position 
on the surface of ricin A-chain in its natural conformation, and wherein said analog 
retains ribosome-inactivating activity of said Type I ribosome-inactivating protein. 

83. A method for preparing an agent toxic to a cell comprising the 
step of linking an analog of a Type I ribosome-inactivating protein through a cysteine 
15 to a molecule which specifically binds to said cell, wherein said analog has a cysteine 
available for intermolecular disulfide bonding located at an amino acid position 
corresponding to a position not naturally available for intermolecular disulfide 
bonding in said Type I ribosome-inactivating protein and corresponding to a position 
on the surface of ricin A-chain in its natural conformation, and wherein said analog 
20 retains ribosome-inactivating activity of said Type I ribosome-inactivating protein. 

84. A method for treating a disease in which elimination of particular 
cells is a goal, comprising the step of administering to a patient having said disease 
a therapeutically effective amount of an agent toxic to said cells comprising an analog 
of a Type I ribosome-inactivating protein linked by a disulfide bond through a 
25 cysteine to a molecule which specifically binds to said cell, wherein said analog has 
a cysteine available for intermolecular disulfide bonding located at an amino acid ; 
position corresponding to a position not naturally available for intermolecular 
disulfide bonding in said Type I ribosome-inactivating protein and corresponding to 
a position on the surface of ricin A-chain in its natural conformation, and wherein * 
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said analog retains ribosome-inactivating activity of said Type I ribosome-inactivating 
protein. 

85. A purified and isolated polynucleotide encoding natural sequence 

geionin. 

86. A host cell comprising a vector having an insert encoding geionin 
wherein said host cell is of the type deposited as ATCC Accession No. 68721. 

87. A purified and isolated polynucleotide encoding natural sequence 
barley ribosome-inactivating protein. 

88. A purified and isolated polynucleotide encoding momordin H. 

89. A fusion protein comprising a sequence of amino acids coding in 
the amino to carboxyl direction for geionin and a portion of an antibody having the 
capacity to specifically bind an antigen. 



\ 

\ 

\ 



90. A polynucleotide encoding a fusion protein comprising a sequence 
of amino acids coding in the amino to carboxyl direction for geionin and a portion of 

15 an antibody having the capacity to specifically bind an antigen. 

91. A fusion protein comprising a sequence of amino acids coding in 
the amino to carboxyl direction of a portion of an antibody having the capacity to 
specifically bind an antigen, and geionin. 
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92. A polynucleotide encoding a fusion protein comprising a sequence 
of amino adds coding in the amino to carboxyl direction for a portion of an antibody 
having the capacity to specifically bind an antigen, and gelonin. 

93. A fusion protein comprising a sequence of amino acids coding in 
5 the amino to caiboxyl direction for gelonin, a peptide segment having an 

endopeptidase cleavage site and a portion of an antibody having the capacity to 
specifically bind an antigen. 

94. A polynucleotide encoding a fusion protein comprising a sequence 
of amino acids coding in the amino to carboxyl direction for gelonin, a peptide 

10 segment having an endopeptidase cleavage site and a portion of an antibody having 
the capacity to bind an antigen. 

95. A fusion protein comprising a sequence of amino acids coding in 
the amino to carboxyl direction for a portion of an antibody having the capacity to 
specifically bind an antigen, a peptide segment having an endopeptidase cleavage site, 

15 and gelonin. 

96. A polynucleotide encoding a fusion protein coding in the amino 
to carboxyl direction for a portion of an antibody having the capacity to specifically 
bind an antigen, a peptide segment having an endopeptidase cleave site, and gelonin. „ 
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97. Hie fusion protein recited in claim 93 or 95 wherein said peptide 
segment is a segment of shiga-like toxin. 

98. The fusion protein recited in claim 93 or 95 wherein said peptide 
segment is a segment of rabbit muscle aldolase. 

5 99. The polynucleotide recited in claim 94 or 96 wherein said peptide 

segment is a segment of shiga-like toxin. 

100. The polynucleotide recited in claims 94 or 96 wherein said 
peptide segment is a segment of rabbit muscle aldolase. 

101. The fusion protein recited in claim 93 or 95 wherein said portion 
10 of said antibody is a kappa chain of a Fab fragment 

102. The polynucleotide recited in claim 94 or 96 wherein said portion 
of said antibody is a kappa chain of a Fab fragment. 

103. The fusion protein recited in claim 93 or 95 wherein said portion 
of said antibody is an Fd chain of a Fab fragment f 



15 104. Thepolynuck»tideredtedmcIaim 94or96wherem , 

of said antibody is an Fd chain of a Fab fragment 



\ 
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105. The fusion protein recited in claim 93 or 95 wherein said portion 
of said antibody is a single chain antibody. 

106. The polynucleotide recited in claim 94 or 96 wherein said portion 
of said antibody is a single chain antibody. 

5 107. The fusion protein recited in claim 93 or 95 wherein said 

antibody is an H65 antibody. 

108. The polynucleotide recited in claim 94 or 96 wherein said 
antibody is an H65 antibody. 

109. The polynucleotide recited in claim 94 wherein said peptide 
segment is a segment of shiga-like toxin and said portion of said antibody is an Fd 
chain of a Fab fragment of an H65 antibody. 

110. A vector comprising the polynucleotide recited in claim 109. 

111. A host cell transformed or transfected with the vector recited in 

claim 110. 

1 12. The host cell recited in claim 1 1 1 of the type deposited as ATCC ; 

69102. 
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113. The polynucleotide recited in claim 94 wherein said peptide 
segment is a segment of rabbit muscle aldolase and said portion of said antibody is 
a kappa chain of anH65 antibody. 

114. A vector comprising the polynucleotide recited in claim 113. 



5 

claim 114. 



115. A host cell transformed or transfected with the vector recited in 



116. The host cell recited in claim 115 of the type deposited as ATCC 

69103. 

117. The polynucleotide recited in claim 94 wherein said peptide 
10 segment is a segment of rabbit muscle aldolase and said portion of said antibody is 

an Fd chain of an H65 antibody. 

\ 

118. A vector recited in claim 94 comprising the polynucleotide of 

claim 117. 

119. A host cell transformed or transfected with the vector recited in 

15 claim 118. 

120- The host cell recited in claim 120 of the type deposited as ATCC 

69104. 
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AMENDED CLAIMS 

[received by the International Bureau on 6 April 1993 (06.04.93) • - 
original claims 33, 96 and 120 amended; new claims 121-136 added* ' 
remaining claims unchanged (6 pages)] 

28. The polynucleotide recited in claim 26 wherein said cysteine is ai 
position 247 of the amino acid sequence of said analog. 



29. The polynucleotide recited in claim 24 wherein the native gelonin 
cysteine residues at positions 44 and 50 are replaced with alanine residues. 



30. The polynucleotide recited in claim 26 wherein said cysteine is at 
position 248 of the amino acid sequence of said analog. 



31. The polynucleotide recited in claim 23 wherein said Type I 
ribpsome-inactivating protein is barley ribosome-inactivating protein. 



32. The polynucleotide recited in claim 31 wherein said cysteine is at ; 
position in said analog from position 256 to the carboxyl terminal position of said 
analog. 

33. The polynucleotide recited in claim 32 wherein said cysteine is at a 
position in said analog from position 260 to the carboxyl terminal position of said 
analog. 

34. The polynucleotide recited in claim 32 wherein said cysteine is at 
position 256 of the amino add sequence of said analog. 



35. The polynucleotide recited in claim 33 wherein said cysteine is at 
position 270 of the amino acid sequence of said analog. 



36. The polynucleotide recited in claim 33 wherein said cysteine is a 
position 277 of the amino acid sequence of said analog. 



37. The polynucleotide recited in claim 23 wherein said Type I 
ribosome-inactivating protein is mormordin II. 
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92. A polynucleotide encoding a fusion protein comprising a 
sequence of amino acids coding in the amino to carboxyl direction for a portion of 
an antibody having the capacity to specifically bind an antigen, and gelonin. 

93. A fusion protein comprising a sequence of amino acids coding 
in the amino to carboxyl direction for gelonin, a peptide segment having an 
endopeptidase cleavage site and a portion of an antibody having the capacity to 
specifically bind an antigen. 

94. A polynucleotide encoding a fusion protein comprising a 
sequence of amino acids coding in the amino to carboxyl direction for gelonin, a 
peptide segment having an endopeptidase cleavage site and a portion of an 
antibody having the capacity to bind an antigen. 

95. A fusion protein comprising a sequence of amino acids coding 
in the amino to carboxyl direction for a portion of an antibody having the capacity 
to specifically bind an antigen, a peptide segment having an endopeptidase 
cleavage site, and gdonin. 

\ 96. A polynucleotide encoding a fusion protein coding in the amino 

to carboxyl direction for a portion of an antibody having the capacity to 
specifically bind an antigen, a peptide segment having a endopeptidase cleavage 
site, and gelonin- 
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113. The polynucleotide recited in claim 94 wherein said peptide 
segment is a segment of rabbit muscle aldolase and said portion of said antibody is 
a kappa chain of an H65 antibody. 

114. A vector comprising the polynucleotide recited in claim 113. 

115. A host cell transformed or transfected with the vector recited 

in claim 114. 

116. The host cell recited in claim 115 of the type deposited as 

ATCC 69103. 

117. The polynucleotide recited in claim 94 wherein said peptide 
segment is a segment of rabbit muscle aldolase and said portion of said antibody is 
an Fd chain of an H65 antibody. 

118. A vector recited in claim 94 comprising the polynucleotide of 

claim 117. 

119. A host cell transformed or transfected with the vector recited 

in claim 118. 

120. The host cell recited in claim 119 of the type deposited as 

ATCC 69104. 
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121. The fusion proton recited in claim 89 or 91 wherein said portion 
of said antibody is a single chain antibody. 

122. The fusion protein recited in claim 90 or 92 wherein said portion 
of said antibody is a single chain antibody. 

123. A method for preparing a fusion protein comprising the step of 
expressing in a suitable host cell a polynucleotide encoding a sequence of amino acids 
coding in the amino to carboxyl direction for gelonin and a portion of an antibody 
having the capacity to specifically bind an antigen. 

124. A method for preparing a fusion protein comprising the step of 
expressing in a suitable host cell a polynucleotide encoding a sequence of amino acids 
coding in the amino to carboxyl direction for a portion of an antibody having the 
capacity to specifically bind an antigen, and gelonin. 

125. A method for preparing a fusion protein comprising the step of 
expressing in a suitable host cell a polynucleotide encoding a sequence of amino acids 
coding in the amino to carboxyl direction for gelonin, a peptide segment having an 
endopeptidase cleavage site and a portion of an antibody having the capacity to 
specifically bind an antigen. 

126. A method for preparing a fusion protein comprising the step of 
expressing in a suitable host cell a polynucleotide encoding a sequence of amino acids 
coding in the amino to carboxyl direction for a portion of an antibody having the 
capacity to specifically bind an antigen, a peptide segment having an endopeptidase 
cleavage site, and gelonin. 

127. The analog recited in claim 7 wherein said cysteine available for 
disulfide bonding is position 247 of the amino acid sequence of said analog. 
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128. The analog recited in claim 70 wherein the native gelonin cysteine 
residues at positions 44 and 50 are replaced with alanine residues. 

129. The analog recited in claim 128 wherein said cysteine residue 
available for disulfide bonding is at position 10 of the amino acid sequence of said 
analog. 

130. The analog recited in claim 70 wherein said cysteine residue is at 
position 103 of the amino acid sequence of said analog. 

131. The analog recited in claim 70 wherein said cysteine residue is at 
position 146 of the amino acid sequence of said analog. 

132. The analog recited in claim 70 wherein said cysteine residue is at 
position 184 of the amino acid sequence of said analog. 

133. The analog recited in claim 70 wherein said cysteine residue is at 
position 215 of the amino add sequence of said analog. 

134. A host cell comprising a vector encoding the analog recited in 
claim 78, wherein said host cell is of the type deposited as ATCC 69101. 

135. A method for purifying a protein comprising a ribosome- 
inactivating protein and a portion of an antibody, said method comprising the steps of: 

passing, through an anion exchange column, a solution containing a 
protein comprising a ribosome-inactivating protein and a portion of an antibody; 

after said passing step, applying to a protein G column said protein; and 
eluting said protein from said protein G column. 
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136. The method as recited in claim 135 further comprising the steps 

of: 

prior to said applying step, introducing me flow-through of the anion 
exchange column into a cation exchange column; and 

then exposing the cation exchange column to an eluent effective to elute 
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